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OP  all  the  methods  for  the  determination  of  carbon  dioxide 
the  absorption  method  is  the  most  reliable  and  most  cor- 
rect. It  is  however  not  easy  to  obtain  good  results  with  an 
absorption  apparatus.  The  inexperienced  generally  get  varying 
results ;  after  some  practice  the  results  become  uniform,  but 
either  always  too  high  or  too  low.  The  application  of  a  corres- 
ponding correction  may  be  used  with  advantage  in  such  cases, 
but  one  must  admit  that  this  is  a  makeshift  only.  As  long  as 
the  causes  for  the  excesses  or  shortages  are  unknown,  the  influ- 
ence of  such  causes  can  not  be  estimated,  and  therefore  one  is 
always  uncertain  whether  the  applied  correction  actually  com- 
pensates the  error. 

I  therefore  decided  to  seek  the  causes.  If  I  could  not  remove 
them,  I  would  at  least  measure  their  influence.  The  correction 
which  was  so  far  found  by  merely  empirical  methods  could  then 
be  calculated  from  the  obtained  data.  Thus  the  method  would 
be  brought  beyond  dispute,  at  least  from  the  scientific  stand- 
point. ^ 

The  method  and  the  apparatus  which  I  shall  discuss  in  the 
following  are  those  described  by  Fresenius.*  Before  going  into 
details,  I  may  briefly  remind  the  reader  of  them.     The  carbon 

i  Qiuint.  Anal.  I,  pasre  449>  and  II,  pa^re  308. 
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dioxide  is  developed  by  boiling  with  a  dilute  acid.  A  mixture  of 
carbon  dioxide,  air  and  water  vapor  is  generated,  from  which  the 
latter  is  removed  first.  From  the  remaining  gas  mixture  car- 
bon dioxide  is  absorbed.  These  operations  are  performed  by  a 
current  of  air  free  from  carbon  dioxide.  Consequently  the  appa- 
ratus has  to  provide  for 

( 1 )  an  air  purifying  device, 

(2)  a  developing  apparatus, 

(3)  a  drying  apparatus, 

(4)  an  absorption  apparatus, 

(5)  an  aspirator. 

Each  of  these  parts  must  do  its  work  perfectly,  if  good  results 
are  to  be  obtained.  This  can  be  easily  accomplished  as  to  the 
air  purifying  and  the  drying  apparatus  by  making  them  amply 
large.  The  evolution  flask  can  be  rather  small  with  substances 
which  do  not  foam,  but  with  foaming  substances  like  baking 
powder  the  size  of  the  flask  must  be  chosen  according  to  the 
practical  requirements.  For  our  work  a  capacity  of  300  cc.  is 
sufficient. 

The  absorption  apparatus  occasions  some  difficulty.  Its  size 
is  limited  by  the  capacity  of  the  analytical  scale.  We  use  U 
tubes  filled  with  soda-lime  and  calcium  chloride  as  recom- 
mended  by  Fresenius.  My  experience  is  that  these  tubes  con- 
tain generally  too  little  calcium  chloride,  whereby  losses  are 
caused.  Soda-lime  loses  some  moisture  in  a  current  of  air  dried 
by  calcium  chloride.  In  order  to  retain  the  moisture  a  consider- 
able length  of  calcium  chloride  must  be  provided  at  the  end  of 
the  second  (J  tube.  Fresenius  prepares  both  tubes  alike  and 
exchanges  them  after  the  first  use  in  order  to  have  the  fresher 
filling  in  front  the  second  time.  I  do  not  think  that  this  is  the 
best  plan.  My  opinion  is  that  each  tube  has  to  serve  a  particu- 
lar purpose,  and  should  consequently  have  a  special  outfit.  In 
the  first  tube  carbon  dioxide  is  to  be  absorbed  and  therefore  it 
must  be  filled  mainly  with  soda-lime.  The  second  tube  has  to 
answer  two  different  requirements.  Firstly  it  has  to  act  as  a 
safety  tube  to  catch  any  residue  of  carbon  dioxide  not  absorbed  in 
the  first  tube.  If  it  is  considered  that  these  traces  naturally  are 
in  a  highly  dilute  state,  it  seems  indispensable  that  in  order  to 
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retain  them  with  safety  a  powerful  absorbent  must  be  employed, 
in  Other  words,  a  fresh  filling.  Secondly  it  has  to  absorb  the 
moisture  which  during  the  operation  has  been  given  off  by  the 
soda-lime  in  both  tubes.  This  can  be  attained  only  if  the  cur- 
rent of  air  passes  a  rather  long  column  of  calcium  chloride  before 
leaving  the  tube.  To  meet  these  requirements  the  second  tube 
is  filled  half  with  soda-lime  and  half  with  calcium  chloride. 

As  already  mentioned,  the  first  absorption  tube  receives 
mainly  a  filling  of  soda-lime.  Only  at  the  end  at  which  the 
current  of  air  enters  a  layer  of  calcium  chloride  is  provided  in 
order  to  absorb  any  moisture  which  may  rise  from  the  soda-lime 
in  this  direction. 

This  manner  of  filling  the  two  absorption  tubes  has  proved 
very  satisfactory.  Experience  teaches  very  soon  how  much 
carbon  dioxide  can  be  absorbed  by  the  first  tube  with  safety  and 
how  often  the  filling  must  be  renewed.  We  found  that  with  our 
soda-lime  twenty  grams  of  filling  can  take  up  one  gram  of  car- 
bon dioxide.  The  filling  of  the  second  tube,  which  consists  of 
about  ten  grams  of  soda-lime  and  ten  grams  of  calcium  chloride, 
needs  renewing  but  seldom.  As  we  work  its  weight  increases 
at  each  determination  very  constantly  by  about  five  milligrams, 
whether  the  quantity  of  carbon  dioxide  be  large  or  small  or  a 
blank  determination  be  made.  This  proves  that  the  small 
increase  is  caused  entirely  or  almost  entirely  by  moisture.  When 
after  repeated  use  the  total  increase  amounts  to  about  two-tenths 
gram  it  is  observed  that  the  increase  diminishes  and  at  the  same 
time  the  results  are  low.  Therefore  we  renew  the  filling  as  soon 
as  the  total  increase  amounts  to  one- tenth  gram. 

The  aspirator  is  another  part  to  which  in  my  opinion  not 
enough  attention  is  paid.  As  will  be  shown  later  in  this  article, 
the  aspirator  must  allow  a  perfect  regulation  of  the  air  current 
and  must  show  the  quantity  of  air  used.  Both  are  easily 
attained  by  employing  a  Mariotte's  bottle. 

As  to  the  manner  in  which  the  method  is  to  be  carried  out,  the 
following  points  seem  to  be  worth  noting.  It  is  evident  that  the 
current  of  air  must  not  exceed  a  certain  rapidity  if  the  absorp- 
tion is  to  be  complete  in  all  parts  of  the  apparatus.  As  the 
absorption  of  carbon  dioxide  by  soda-lime  takes  place  according 


4  H.    HAIDBNHAIN. 

to  general  experience  very  easily  and  quickly,  there  is  practi- 
cally no  danger  of  loss.  Long  columns  of  calcium  chloride  in 
the  drying  tubes  secure  proper  absorption  of  moisture  in  this 
part.  It  remains  only  to  make  the  absorption  of  moisture  in  the 
second  weighed  tube  perfect.  In  my  opinion  it  is  impossible  to 
give  on  this  point  any  definite  rules  which  can  be  followed  in  all 
cases.  On  the  contrary  the  maximum  rapidity  admissible  must 
be  found  by  experiments,  not  only  for  each  apparatus  but  also 
for  each  new  lot  of  absorbents,  as  especially  the  commercial  soda- 
lime  has  a  varying  content  of  moisture. 

In  order  to  find  the  allowable  rapidity  of  the  air-current  one 
may  proceed  practically  as  follows :  The  apparatus  is  charged 
exactly  as  for  an  analysis  except  that  the  carbonate  is  left  out  ; 
in  other  words,  a  blank  experiment  is  made.  The  aspiration  is 
started  with  a  rapidity  of  fifty  cubic  centimeters  per  minute. 
After  two  liters  of  air  have  passed  it  is  interrupted.  If  the 
absorption  tubes  show  a  loss  in  weight  the  experiment  must  be 
repeated  with  less  rapidity,  say  forty  cc.  per  minute,  and  in  this 
manner  must  be  continued  until  the  weight  of  the  tubes  is  con- 
stant. If  the  work  has  been  done  with  due  precaution  it  will 
now  be  found  that  the  first  tube  has  lost  just  as  much  as  the 
second  has  gained.  If  this  is  not  the  case  it  is  a  sure  indication 
that  the  result  is  due  to  a  compensation  of  errors. 

The  ascertained  maximum  of  rapidity  of  the  air-current  must 
not  be  exceeded  in  determinations  ;  a  slower  rate  is  unobjec- 
tionable. It  may  be  mentioned  here  that  the  calcium  chloride 
in  the  second  tube  must  be  of  the  same  quality  as  that  in  the 
diryng  apparatus,  which  is  also  evident  from  the  remarks  made 
by  Fresenius.* 

Further  it  is  manifest  that  a  certain  quantity  of  air  must  be 
aspirated  in  order  to  transfer  all  carbon  dioxide  from  the  evplu- 
tion  flask  and  the  drying  apparatus  to  the  absorption  tubes. 
The  common  directions  on  this  point,  as  for  instance  two  air- 
bubbles  a  second  for  half  an  hour,  and  similar  rules,  are  too 
indefinite,  and  in  fact  do  not  suffice.  On  the  contrary  the 
required  quantity  of  air  must  be  determined  for  each  apparatus. 
This  is  done  simply  by  liberating  about  a  half  gram  carbon 

1  Quant.  Anal.,  1,7a. 
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dioxide  in  the  evolution  flask,  aspirating  a  certain  quantity  of 
air,  for  instance  one-half  liter,  weighing  the  tubes  and  repeat- 
ing the  aspiration  until  the  weight  of  the  tubes  remains  con- 
stant. As  a  precautionary  measure  some  addition  is  to  be 
made  to  the  minimum  thus  found. 

In  order  to  regulate  the  current  of  air  and  to  keep  it  constant 
some  skill  is  required.  The  aspirator  must  not  be  put  in  opera- 
tion before  the  air  in  the  apparatus  comes  to  equilibrium,  which 
generally  is  the  case  after  the  liquid  in  the  evolution  flask  has 
boiled  a.  few  minutes.  The  flame  is  then  reduced  just  far 
enough  to  keep  the  liquid  slightly  boiling.  Now  the  aspirator 
is  connected  and  the  water  allow^ed  to  run  off  until  it  comes  to  a 
standstill.  Now  is  the  time  to  open  the  cock  between  the  evolu- 
tion flask  and  the  air  purifying  apparatus.  Immediately'  the 
outflow  from  the  aspirator  starts  and  becomes  constant  after  a 
few  seconds.  By  aid  of  watch  and  measuring  cylinder  the  speed 
is  soon  regulated. 

We  make  it  a  rule  to  aspirate  with  but  half  the  allowable 
rapidity  until  the  main  quantity  of  carbon  dioxide  is  absorbed, 
«.  ^.,  until  the  soda-lime  tube  has  recooled  ;  from  then  to  the  end 
of  the  operation  the  full  speed  is  used.  It  may  be  ^aid  that  in 
our  work  these  speeds  are  respectively  ten  cc.  and  twenty  cc. 
per  minute. 

The  flame  remains  burning  during  the  whole  time  of  aspira- 
tion. If  the  flame  were  extinguished  the  air  in  the  evolution 
flask  would  cool  and  contract,  making  a  regulation  of  the  air- 
current  impossible. 

Another  point  often  overlooked  is  the  presence  of  carbon 
dioxide  in  distilled  water  and  laboratory  air.  There  is  too  much  in 
both  to  neglect.  The  whole  apparatus,  including  the  evolution 
flask,  must  be  filled  with  air  free  from  carbon  dioxide  and  the  dis- 
tilled water  must  be  freed  from  it  by  boiling  with  a  little  acid. 
In  pouring  the  water  into  the  evolution  flask  air  must  not  be 
allowed  to  enter. 

Finally,  corrections  for  changes  of  temperature  and  air-pressure 
are  indispensable,  as  the  tubes  and  their  contents  occupy  a 
rather  large  volume. 

In  regard  to  accuracy  of  our  results  little  remains  to  be 
desired.     Blank  determinations  give  a  gain  or  loss  of  not  more 
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than  two-tenths  mg.,  and  determinations  of  carbon  dioxide  in 
clear  crystals  of  Iceland  spar  give,  if  one  gram  is  employed, 
results  which  vary  from  44.01  to  43.96  per  cent.  The  explana- 
tion for  these  slight  variations  may  be  found  partly  in  the  inex- 
actness of  the  weighings,  of  which  four  must  be  made  for  every 
determination,  and  partly  in  the  quantity  of  moisture  condensed 
on  the  surface  of  the  tubes,  which  varies  according  to  the  mois- 
ture in  the  surrounding  air. 

It  may  be  well  to  append  a  sketch  of  the  apparatus  as  modi- 
fied by  me.  Great  care  has  been  taken  to  draw  all  parts  in 
proper  proportion.     The  ratio  is  i :  12. 

Some  explanations  in  regard  to  details  may  follow : 

a.  Air-purifying  cylinder,  filled  with  soda-lime.  At  the  top 
is  cotton  to  keep  back  soda-lime  dust. 

b.  Cock  to  regulate  the  air-current. 

c.  Capillary  tube  to  offer  resistance  to  the  air  current  in  case 
cock  b  is  opened  too  far. 

d.  Funnel  tube,  closed  at  the  bottom  by  a  perforated  rubber 
stopper  into  which 

e.  a  glass  tube  is  fitted.  This  arrangement,  in  connection 
with  cock  b,  is  a  substitute  for  a  three-way  cock,  but  has  the 
advantage  that  the  regulating  part,  /.  e.,  ***'*  does  not  become 
wet  and  is  not  exposed  to  heat. 

/.  Evolution  flask. 

g.  Cooler.  Consists  of  a  glass  tube  around  which  a  lead  pipe 
is  wound.  It  was  adopted  by  us  on  account  of  varying  water 
pressure.     It  stands  sudden  changes  of  pressure  very  well. 

h.  Drying  tube  filled  with  coarse  calcium  chloride. 

I.  A  little  pumice  stone  prepared  with  copper  sulphate. 

k.  Drying  tube  filled  with  fine  calcium  chloride. 

/.  Cock  to  close  drying  apparatus  when  not  in  use. 

m  and  n.  Absorption  tubes,  filled  as  described  above.  They 
are  put  in  a  glass  case  to  protect  them  from  dust.  The  connec- 
tions are  made  by  perforated  rubber  stoppers. 

o.  Guard  tube,  containing  calcium  chloride  and  soda-lime. 

p.  Indicator  tube. 

r.  Safety  bottle,  to  receive  water  which  may  be  sucked  back  from 

X.  The  aspirator. 
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IN  a  previous  short  communication*  we  dealt  with  a  controver- 
sial point  which  had  arisen  in  regard  to  the  constitution  of 
the  furfural-yielding  constituents  of  plant-tissues.  What  there 
has  been  at  issue  between  de  Chalmot  and  ourselves  in  this 
matter,  is  at  least  clearly  stated,  and  we  have  been  engaged  in 
accumulating  experimental  material  as  a  further  contribution  to 
the  solution  of  an  important  question  in  the  chemistry  of  tissue- 
formation,  which  cannot  usefully  be  further  discussed  a  priori. 

In  this  investigation  we  have  been  ably  assisted  by  our  friend 
Mr.  Claude  Smith,  who  has  carried  out  the  whole  of  the  labora- 
tory work,  and  Dr.  Voelcker,  the  well  known  chemist  of  the 
Royal  Agricultural  Society,  who  has  kindly  cooperated  with  us 
in  placing  his  laboratory  at  our  disposal  and  supplying  material 
for  the  investigation. 

In  the  first  instance  we  have  traced  the  history  of  selected 
crops  of  barley,  in  relation  to  the  elaboration  of  **furfurQids,"  to 
use  a  convenient  short  description  of  these  characteristic  furfural- 
yielding  constituents. 

The  crops  selected  were  grown  upon  two  of  the  experimental 
plots  of  the  Royal  Agricultural  Society's  station  at  Wobum, 
(England)  : 

Plot  I  representing  a  soil  permanently  unmanured  and  grow- 
ing barley  continuously. 

Plot  6*  on  the  other  hand  is  manured  with  the  maximum  of 
fertilizers  and  gives  continuously  the  maximum  yield  of  straw 
and  grain. 

These  plots  represent  therefore  the  extreme  conditions  of 
growth,  unfavorable  and  favorable. 

The  plants  were  harvested  at  intervals  of  one  month  and 
investigated  according  to  the  subjoined  scheme : 

(i)  The  **  total  furfural,*'  obtained  by  **  distilling"  the  entire 
plants  with  hydrochloric  acid,  was  determined. 

(2)  The  plants  were  treated  for  the  elimination  of  pentosans 

1  This  Journal,  X7f  286. 

s  Manured  with  potassium,  sodium  and  magnesium  sulphates,  calcium  supcrphos. 
phate  and  sodium  nitrate. 
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and  generally,  of  constituents  not  belonging  to  "permanent 
tissue,"  as  follows : 

(a)  Exhaustive  treatment  with  boiling  alcohol;  (i)  Digestion 
in  alkaline  solution  of  one  and  one-half  per  cent,  sodium  hy- 
droxide for  some  hours,  followed  by  washing,  first  col<l,  lastly 
at  the  boiling  temperature ;  (c)  Digestion  in  dilute  one  and  one- 
half  per  cent,  hydrochloric  acid  for  some  hours,  followed  as  be- 
fore, by  cold  and  hot  washings.  The  product  of  these  treat- 
ments may  be  taken  as  fairly  representing  the  cellular  tissue  of 
the  plant  less  the  cell-contents,  and  may  be  described  as  perma- 
nent tissue.  This  description  we  admit  is  somewhat  arbitrary, 
but  it  will  be  conceded  that  the  residue  from  the  treatments 
above  described  is  free  from  pentosans  and  all  the  more  readily 
hydroljrzable  constituents  of  the  growing  plant. 

It  is  unnecessary  to  reproduce  minutely  the  experimental 
details  of  the  investigation.  It  is  sufficient  to  state  that  the 
results  were  in  all  cases  controlled  by  duplicate  experiments. 

^  *s  ^  .  Purfuralfrom permanent 

te  g  «<                          tissue. 

X  oj  3t                      Per  cent 

k  »-•?  *^** 

May  7          6 weeks  {J  ^^^  J-o  53-4  I..7  6.8  1.03:1 

June  4        xowee.s  {J  ;7.6  7-7  5^9  n.6  6.  x.^:x 

julyxo       X5  weeks  {I  4..o  ^9.0  65.7  ^9-8  M  1.40:1 

Au^st.r.x  weeks  {^  g-  ^^9  7o.o  14.5  -  x.17  :  x 

AagTist3i*  22week8       fx        84.0      12.6        75.0        16.5      X2.4        1.02 :  x 
3day8  \6        86.4      12.4        78.4        15. i      xi.8        1.05 :  x 

With  regard  to  the  distribution  of  the  furfuroids  in  the  plant 
the  following  determinations  were  made  in  specimens  tak^n  from 
plot  6,  on  July  18,  the  crop  being  sixteen  weeks  old  : 

Whole  plant  (moist).  Whole  plant  (dry). 

Per  cent.  Per  cent. 

Stexn^ 50.0  4X.7 

Leaves X5.3  X9.6 

Ears 34.6  38.6 

I  Tlae  samples  taken  on  August  31st  were  qfUr  the  crops  were  harvested. 
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* 

Purfnral  in 
Dry         Ash,  dry   Permanent     Furfural    permanent 
matter.       matter.         tiasue.  gross.        tissue. 

Per  cent.     Per  cent.     Per  cent. 

Stems 32.6  4.0  76.6  9.5  12.2 

Leaves 50.1  7.0  49.7  12.1  16.0 

Bars 44.2  7.0  79.0  7.5  9.6 

It  appears  from  these  results  that  the  leaves  contain  a  large 
proportion  of  the  easily  hydrolyzable  furf uroids,  e,  g, ,  pentosans ; 
those  of  the  stems  and  ears,  on  the  other  hand,  are  for  the  most 
part  in  the  more  resistant  form  of  tissue-f  urfuroids.  The  higher 
proportion  of  f urfuroids  in  the  leaves  may  be  taken  as  correlated 
with  the  special  assimulating  functions  and  more  active  oxidiz- 
ing conditions  obtaining  in  these  organs,  and  as  indicating  that 
furfuroids  of  lower  molecular  weight  may  be  assimulated  or 
elaborated  to  permanent  tissue.  The  probability  of  this  must  in 
fact  be  admitted.  For  although  de  Chalmot's  experiments* 
contradict  the  hypothesis  that  the  pentoses  are  so  elaborated,  the 
problem  as  regards  oxidized  hexose  derivatives  can  hardly  be 
considered  as  having  been  seriously  attacked. 

The  investigations  of  these  barley  plots  are  being  continued 
during  the  current  year,  with  special  attention  to  the  more  posi- 
tive indications  of  the  above  results.  The  following  are  the 
results  of  the  examination  of  specimens  taken  on  May  15,  the 
crop  being  seven  weeks  old  ;  the  figures  represent  percentages  : 

Plot  z.  Plot  6. 

Total  dry  matter 

Ash  of  dry  matter 

Nitrogen  of  dry  matter 

Alcoholic  extract 

Nitrogen  of  alcoholic  extract 

Permanent  tissue 

Ash  of  permanent  tissue 

Nitrogen  of  permanent  tissue 

The  furfural  numbers  calculated  on  the  dry  ash-free  products 
are  as  follows  : 

Furfural  in  permanent  tissue. 

Furfural  s^ross.      Per  cent.  Per  cent. 

Percent.        of  tissue.         oforig^naT.  Ratio. 

(«)  (*)  (c)  axe 

Plot  1 7-6  10.6  5.50  1.40:1 

Plot  6 7.1  10.0  5.44  I.I2  :  I 

1  This  Joamal,  z6, 6x8. 


20.6 

17.8 

13.7 

18.0 

3.65 

3.87 

19.0 

23.8 

2.5 

2.8 

53-9 

56.7 

3.8 

4.0 

4.2 

4.5 
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These  numbers  confirm  those  of  the  1894  crops  in  their  general 
bearings.  The  season,  however,  has  been  so  far  very  different, 
the  week  preceding  the  15th  being  cloudless  with  high  summer 
temperature,  as  against  a  cold  wet  week  in  the  corresponding 
period  of  1894.  The  higher  ratio  a  :  c  accords  with  the  higher 
rate  of  assimilation  obtaining  under  such  conditions. 

The  more  extensive  scale  of  the  investigation  has  reference  to 
a  more  strictly  physiological  scheme  of  observation  to  be  made 
at  the  critical  period  of  growth,  viz.^  flowering,  fruiting,  and 
ripening  of  the  grain.  These  numbers  lead  to  the  following 
conclusions : 

1.  The ''permanent  tissue  "  (cellulose)  of  the  cereals  con- 
tains ab  initio y  a  large  proportion  of  oxidized  groups,  i,  e.,  oxy- 
celluloses. 

2.  The  furfuroids  of  the  cereals  (Haulm)  are  localized  mainly 
in  the  cell-substance,  in  the  earlier  and  later  stages  of  growth, 
in  fact,  almost  exclusively.  Towards  the  period  of  most  active 
growth  the  proportion  of  tissue  furfuroids  falls  from  ninety  to 
seventy-five  per  cent,  of  the  total. 

3.  Increasing  again  during  the  period  of  maturation  indicates 
that  the  furfuroids  of  what  may  be  termed  the  lower  grade  are 
assimilated  to  the  more  resistant,  or  cellulose,  form. 

4.  Extreme  variations  of  the  soil-conditions,  /.  ^.,  supply  of 
inorganic  nutrient  material — is  without  effect  upon  the  perma- 
nent tissue  in  the  earlier  and  later  stages  of  growth,  but  deter- 
mines some  variations  of  the  pr9portion  of  tissue  furfuroids  in 
the  intermediate  stages. 

5.  The  results  show  that  the  composition  of  the  permanent 
tissue  is  a  constant  of  the  plant,  and  largely  independent  of  the 
particular  conditions  of  cultivation.  This  latter  result  is  con- 
firmed by  the  result  of  a  similar  investigation  of  barley  straws 
from  the  Rothamsted  Experimental  Station.  Specimens  of  the 
fully  matured  straws  grown  upon  plots  selected  as  showing 
extreme  variations  of  the  conditions  of  cultivation,  gave  the 
following  results : 
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Minimum 
fertilization. 

Maximum 
fertilization 


6,. 
(4  A. A,, 
i  4  A,A, 

I7i- 


Furfural  in  permanent 

Permanent 

tissue 

tissue 

per  cent. 

percent. 

of  tissued      of  straw. 

724 

15.8 

II.4 

72.4 

'^•7 

10.6 

72.6 

15.8 

II.5 

76.4 

16.2 

12.4 

80.2 

16.0 

12.8 

82.3 

14. 1 

II.6 

Plot. 

Total  fur- 
fural 
per  cent 

14.5 

15.5 
15.8 

4  A.  AS,   12.4 

I5-I 
15.0 

The  following  are  the  conditions  of  fertilization : 

Plots  1,0.  and  6,.,  were  unmanurefd  continuously. 

Plot  3.6^.,  manured  with  sodium,  potassium,  and  magnesium 
sulphates. 

Plot  4.A.A.S.t  manured  with  sodium  nitrate,  sodium  silicate,' 
calcium  superphosphate  and  sodium,  potassium,  and  magnesium 
sulphates. 

Plot  7^.,  fourteen  tons  farm-yard  manure. 

Plot  4  A, A.,  potassium,  sodium,  and  magnesium  sulphate,  cal- 
cium superphospate,  and  sodium  nitrate. 

These  results  are  from  an  agricultural  point  of  view  of  nega- 
tive value.  It  was  a  priori  possible  that  the  composition  of  the 
permanent  tissue  would  have  varied  with  the  prevailing  condi- 
tions of  assimilation.  Such  variations  are  not  discoverable  in 
the  furfural-constants  of  the  products,  which  express  their  most 
characteristic  constitutional  features.  '  Physiologically,  on  the 
other  hand,  the  results  are  of  more  positive  bearing  on  the  pro- 
cesses of  assimilation,  showing  that  these  are  in  an  important 
sense  invariable. 

It  might  be  assumed  in  a  superficial  view  that  this  conclusion 
was  obvious  a  priori,  and  the  experimental  verification  therefore 
gratuitous.  On  reflection,  however,  it  will  be  conceded:  (i) 
that  we  have  not  long  been  in  possession  of  quantitative  methods 
of  diagnosing  the  constitutional  features  of  the  components 
of  plant  tissues — celluloses,  oxycelluloses,  lignocelluloses,  etc., 
— and  (2)  that,  whatever  the  probability,  the  point  is  not  specifi- 
cally dealt  with  in  works  in  plant-physiology,* 

It  is  a  point  which  we  have  dealt  with  before  in  regard  to  the 
typical  lignocellulose,  the  jute  fiber.     In  an  investigation  of  the 

1  The  current  views  on  the  subject  of  li^fication  and  thickening:  of  cell  walls,  imply 
that  the  permanent  tissue  in  its  earliest  phases  invariably  consists  of  a  pure  (normal) 
cellulose.  The  chemist  has  to  remember  that  the  morphologist  attaches  no  specialized 
significance  to  the  term  cellulose. 
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growth  of  the  plant  under  the  artificial  conditions  of  ''hot-house 
cultivation,"  Mr.  A.  Pears  obtained  the  bast  fiber,  showing  con- 
siderable divergence  on  ultimate  analysis  (C :  H  :  O)  from  the 
normal  Indian  product,  but  with  identical  constitutional  features. 
The  low  carbon  percentage  of  the  product  was  shown  to  be  due 
to  ** dilution**  by  water  of  hydration  ;  dehydration  had  not  pro- 
ceeded as  far  as  obtained  under  the  normal  conditions  of  growth  ; 
but  in  all  essential  respects  the  quantitative  chemical  features  of 
lignifica tion  were  unaffected . '  The  point  is  therefore  established 
in  regard  to  two  main  types  of  tissue-formation. 

Reverting  now  to  the  history  of  tissue-formation  in  barley  plant. 

In  reference  to  the  germination  process,  we  commenced  obser- 
vations' upon  the  earliest  stages  of  tissue-formation  in  regard  to 
the  formation  and  fixation  of  furfuroids,  but,  recognizing  the 
prior  claims  of  de  Chalmot  in  this  field  of  investigation,  we  are 
satisfied  to  leave  the  subject  in  such  good  hands,  merely  noting 
that  we  have  joined  issue  with  him  in  regard  to  the  interpreta- 
tion of  the  furfural-constants. 

De  Chalmot  has  especially  investigated  the  influence  of  the 
two  factors  which  might  be  expected  to  affect  the  formation  and 
elaboration  of  these  furfuroids,  z^>.,  (i)  light;  (2)  the  supply 
of  nitrogen  (nitrate).  Light  was  found  to  be  without  effect  in 
these  earlier  stages  of  growth ;  and  with  a  liberal  supply  of 
nitrates  the  amount  of  furfuroids  in  the  young  plants  was  found 
not  to  decrease.  These  results  again  point  to  the  invariable 
habit  of  the  cell  in  regard  to  the  formation  of  tissue. 

We  have  endeavored  to  produce  a  still  more  drastic  variation 
of  the  conditions  of  assimilation,  as  follows :  Young  plants  of 
oats  seven  weeks  old  were  placed  in  the  following  solutions :  (a) 
water;  (*)  dilute  nitric  acid  of  0.25  per  cent.;  (c)  of  one-half 
percent.;  (d)  of  one  per  cent.  The  plants  withered  only  gradu- 
ally. After  about  ten  days  they  were  removed,  dried  and  inves- 
tigated.    The  results  are  given  below  : 

Twenty  plants  before  experiment  weighed  25.8  grams  and  contained 
16.7  per  cent,  dry  matter. 

Twenty  plants  in  water  (a)  weighed  39.0  grams  and  contained  10.2  per 
cent,  dry  matter. 

ly.  Ckem.  Coc.^  /^.  967;  CroM  &  Bevan  :  "Cellulose,"  pages  111-113. 
s  Ber,  d,  chim.  Ges.,  17, 1061. 
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Twenty  plants  in  dilute  acid  (d)  weighed  18.0  grams  and  contained  21.3 
per  cent,  dry  matter. 

Twenty  plants  in  dilate  acid  (c)  weighed  15.0  grams  and  contained  24.4 
per  cent,  dry  matter. 

Twenty  plants  in  dilate  acid  (d)  weighed  13.0  grams  and  contained  31.0 
per  cent,  dry  matter. 

From  the  dry  matter  the  following  percentages  of  furfural  were 
obtained : 

(«)  (*)  (e)  (d) 

8.2  9.2  8.2  8.5 

The  uniformity  of  these  numbers  is  curiously  at  variance  with 
the  extreme  variations  of  the  conditions  of  retrograde .  develop- 
ment, which  are  apparent  from  the  statistics  of  the  relative 
weights  of  these  plants. 

In  a  second  series  of  experiments  very  different  results  were 
obtained.  In  this  case  the  plants  were  taken  at  a  more  advanced 
stage  of  growth — thirteen  weeks  old.  They  were  placed  in  water 
and  dilute  solutions  of  nitric  acid,  respectively,  as  before,  remain- 
ing for  ten  days,  when  they  showed  signs  of  withering.  They 
were  removed,  dried  and  analyzed  for  **  total  furfural,*'  with  the 
following  results : 

Cultivations  in  water  Dilute  nitric  acid, 

per  cenL  percent. 


0.25  0.50  1. 00 

Furfural 4.6  4.9  5.9  7.8 

These  variations  determined  by  artificial  treatment  may  appear 
out  of  harmony  with  the  invariability  of  the  results  obtained  in 
the  first  series.  It  will  be  noted,  however,  that  the  oats  show  a 
very  different  initial  proportion  of  furiuroids,  and  appear  to  con- 
tain carbohydrates  susceptible  of  attack  by  nitric  acid. 

The  more  advanced  period  of  growth  (thirteen  weeks)  at 
which  the  plants  were  taken,  has  been  previously  shown  to  be 
one  of  maximum  normal  variation  of  the  furfuroids,  which  is 
consistent  with  maximum  variations  under  retrograde  develop- 
ment, and  we  may  in  future  experiments  follow  the  indications 
of  these  observations,  that  the  most  active  period  of  growth  offers 
the  most  favorable  conditions  for  the  study  of  variations  artifici-^ 
allv  determined. 

The  purpose  of  the  present  investigations  being  to  accumulate 
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experimental  material,  the  observations  were  extended  to  pro- 
ducts of  widely  different  origin,  life-histor>',  or  formation.  Sub- 
joined are  the  numbers  obtained  with  (a)  mangels,  and  {d) 
gooseberries : 

(a)  Long  red  mangels  were  taken  at  intervals  from  a  selected 
field,  and  the  furfural  and  other  constants  determined,  as  follows  : 


Date. 

Average  wt. 
per  root 

Dry  matter 
per  cent 

Ash  of 
dry  matter 
per  cent. 

Permanent 

ttHsne 
per  cent. 

Furfural 

Per- 
whole         manent 
root            tisHue 
(dry)          (dry) 
per  cent,  per  cent. 

June  30 

1.5 

12.7 

II.O 

25.3 

4.1               12.6 

August  6 

300.0 

"5 

12.0 

28.8 

4.3                "4 

October  1 1 

1456.0 

13.I 

7.8 

14.9 

3-7               "4 

The  furfural  numbers,  it  will  be  remarked,  are  uniform  over 
the  whole  period  of  growth.  The  proportion  of  furfuroids 
moreover  is  small,  and  further  investigation  of  this  group  of 
products  from  our  present  point  of  view  is  therefore  abandoned. 

(^)  The  berries  were  examined  at  an  interval  of  one  month, 
with  the  following  results  : 

Furfural 
Dry  matter      Permanent  tissue    whole  fruit  permanent  tissue 
Date.  percent.  percent.  percent.  percent. 

May  16  9.2  21.5  4.8  7.8  ' 

June  17  9.1  23.5  3.9  7-2 

These  numbers  again  are  devoid  of  any  characteristics  such  as 
invite  further  investigation.  Other  typical  products  were  also 
examined  with  similar  results.  So  far,  therefore,  the  selection 
of  the  cereals  as  the  typical  case  of  the  elaboration  of  cellulose- 
tissue  with  a  maximum  of  furiuroid  coastituents  is  justified. 

As  we  have  before  indicated  it  is  not  the  purpose  of  the  pres- 
ent communication  to  attempt  any  final  conclusions  as  to  the 
bearings  of  these  results  upon  the  general  questions  of  assimila- 
tion and  metabolism.  We  may  perhaps  again  insist  on  the 
one  prominent  result  of  these  investigations,  which  is  to  estab- 
lish the  uniform  characteristics  and  uniform  distribution  of  the 
furfuroids  of  the  cereal  straw  throughout  its  substance: 

(i)  The  entire  straw  in  the  matured  state  is  characterized  by 
3^ielding  twelve  to  fifteen  per  cent,  furfural  ;  and  (2)  the  **  cellu- 
lose" isolated  from  the  straw  by  the  severe  handling  of  the 
paper-maker  ;  w>.,  digestion  with  caustic  lye  (two  to  three  per 
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cent,  sodium  hydroxide)  at  elevated  temperatures  (forty  to  sixty 
pounds  steam  pressure),  is  identically  characterized,  yielding 
twelve  to  fifteen  per  cent,  furfural  on  boiling  with  condensing 
acids. 

This  uniformity  of  distribution  and  uniformity  of  resistance  to 
alkaline  hydrolytic  treatment  of  the  widest  range,  establishes 
the  molecular  homogeneity  of  the  tissue-substance  in  regard  to 
the  relative  proportion  of  furfuroids  to  normal  hexose  groups. 
The  results  of  our  investigations  of  the  history  of  the  formation 
of  the  tissue  are  strictly  correlative,  and  the  elaboration  oi  prod- 
ucts of  such  characteristics  must  be  regarded  as  an  essential 
and  primary  property  of  the  unit  cell  in  the  same  sense  that 
alcoholic  fermentation  is  a  property  of  the  yeast  cell.  To 
put  it  perhaps  more  directly  :  the  constitution  of  assimilated 
material  in  the  plant  is  immediately  determined  by  the  molecu- 
lar configuration  of  the  assimilating  material.  This  view  has 
been  expressly  formulated  by  E.  Fischer*  in  reference  to  the 
origin  of  the  carbohydrates  in  the  plant.  The  more  evidence 
we  have  that  the  assimilating  process  remains  invariable  in  its 
products,  notwithstanding  wide  variations  in  the  external  con- 
ditions, the  more  necessary  does  it  become  to  regard  the  essen- 
tial directive  factors  of  the  process  as  material,  i,  ^.,  as  residing 
in  the  material  configuration  of  the  cell  rather  than  determined 
by  external  forces.  The  results  of  our  investigations  contribute 
to  the  establishment  of  this  view. 

PART  II. 

I.   THE  CONSTITUTION  OF  THE  CEREAL  CELLULOSES. 

We  have  made  some  progress  in  the  isolation  of  the  *  *  fur- 
furoid'*  contituents  of  celluloses.  The  more  important  differ- 
ences which  they  exhibit  from  the  normal  celluloses  we  have 
dealt  with  in  previous  papers.*  Although  they  are  not  resolved 
by  alkaline  hydrolysis  we  have  found  certain  reagents  which 
detennine  a  satisfactorily  sharp  separation  of  their  furfural- 
yielding  component  groups.     Thus  : 

(a)  Pure  bleached  straw-cellulose  was  treated  with  sulphuric 
acid  at  1.62  specific  gravity  ;  the  cellulose  dissolves  to  a  nearly 

1  Ber.  d.  chem.  Ges,,  27,  3231. 

^Ber.  d.  chem.  Gfs.,  ay.  1061 ;  C.  Smith,  J.  Chem.  Soc.,  O5,  473. 
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colorless  solution.  After  standing  some  time  (three  hours  from 
the  start)  the  solution  was  poured  into  water.  The  white 
gelatinous  precipitate  of  cellulose  (hydrate)  was  filtered  off  and 
exhaustively  washed,  dried,  and  weighed.  It  amounted  to 
sixty-four  per  cent,  of  the  original.  The  reprecipitated  cellu- 
lose and  the  filtrate  were  both  distilled  for  elimination  of  fur- 
fural ;  the  proportions  obtained,  calculated  on  the  original  cellu- 
lose, were : 

Furfural. 
Per  cent. 

Reprecipitated  cellulose 0.6 

Prodncts  soluble  on  dilution 14.0 

The  **  furfuroidS  "  therefore  are  hydrolyzed  to  soluble  deriva- 
tives by  the  process. 

(d)  A  second  specimen  was  dissolved  by  heating  with  a  con- 
centrated solution  of  zinc  chloride,  the  viscous  solution  poured 
into  water,  and  the  precipitate  filtered  off.  Similar  determina- 
tions were  made  as  in  (a),  with  the  following  results  : 

Furfural  (calcu- 
lated oil  original 
cellulose). 

Per  cent. 

Reprecipitated  cellulose 0.9 

Product  soluble  on  dilution 10.4 

It  is  to  be  noted  that  furfural  is  freely  formed  in  the  process  of 

heating  with  the  concentrated  solution  of  zinc  chloride,  and 

some    quantity   is    volatilized.       The    reprecipitated  cellulose 

(hydrate)  has  the  characteristic  of  the  normal  celluloses.     On 

combustion  of  these  products  the    subjoined    numbers    were 

obtained  : 

Carbon 43*oo  43-07 

Hydrogen 7.14  6.99 

corresponding  with  the  formula  3C,H,„O^.H,0. 

The  products  in  solution  in  the  acid  liquid  would  appear  to  be 
capable  of  isolation  by  simple  means,  w>.,  by  neutralizing  with 
barium  carbonate,  filtering,  and  evaporating. 

Being  derivatives  of  unknown  constitution  it  was  deemed 
advisable  to  prepare  them  in  large  quantity,  and  we  proceeded 
to  carry  out  the  above  process  of  hydrolysis  on  the  scale  of  100 
g^ams  per  operation,  as  preliminary  to  working  on  the  still 
larger  scale  of  kilograms. 
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Proceeding  as  described  we  have  obtained,  on  evaporating  the 
filtrate  from  the  barium  sulphate,  a  light-colored  gum  resem- 
bling dextrin. 

The  first  preparation  gave,  on  distillation  with  hydrochloric 
acid,  only  eight  and  two-tenth  percent,  of  its  weight  of  furfural; 
whereas,  had  we  succeeded  in  obtaining  the  lurfuroids  only,  as 
in  the  experiments  on  the  smaller  scale,  the  products  should 
have  yielded  forty  to  fifty  per  cent.' 

On  reverting  to  the  small  scale  we  obtained  this  result : 

Two  grams  of  the  cellulose  being  dissolved  and  the  solution 
diluted  and  filtered  from  the  reprecipitated  cellulose  ;  the  filtrate 
was  boiled  with  barium  carbonate,  filtered,  and  made  up  to  200 
cc.  Of  this  solution,  eighty  cc.  on  evaporation  gave  0.144  gram 
organic  solids;  a  second,  eighty  cc,  distilled  for  furiural,  gave 
an  amount  corresponding  to  46.6  per  cent,  of  the  weight  of  the 
organic  solids. 

On  further  investigation  of  the  products  obtained  on  the  large 
scale  we  found  a  large  proportion  retained  as  an  insoluble  barium 
compound.  On  boiling  the  washed  precipitate  with  ammonia  it 
yielded  an  extract,  which  on  drying  and  *' distilling*'  with 
hydrochloric  acid,  gave  12.5  per  cent,  furiural.  It  appears, 
therefore,  that  the  products  are  resolved  into  three  groups  : 

1.  Normal  cellulose  (hydrate)  reprecipitated,  on  dilution. 

2.  Soluble  in  water,  but  combining  with  barium  carbonate 
to  "form  insoluble  compounds. 

3.  Soluble  in  water,  but  neutral,  in  properties,  and  therefore 
forming  no  barium  compounds. 

It  appears  also  that  the  discrepancies  between  the  results  on 
the  small  and  on  the  large  scale  are  due  to  the  conditions  affect- 
ing group  2.  These  conditions  are  being  carefully  studied  with 
the  view  of  controlling  the  operation  on  the  large  scale.  We 
have  further  characterized  the  soluble  products  of  the  hydrolysis 
as  obtained  on  the  small  scale  under  most  favorable  conditions, 
as  follows : 

(a)  Copper-oxide  reduction, — As  first  obtained  in  solution  the 
reduction  equivalent,  referred  to  that  of  dextrose  as  100,  has  been 

1  Uulesii  we  assume  that  the  configruration  of  the  products  is  chan;ped  by  the  process 
of  solution  iu  sulphuric  acid,  which  is  not  au  improbable  hypothesis.  See  J.  Chem.  Soc.» 

6&.  477- 
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determined  at  30.6.  After  further  hydrolyzing  by  foiling  in  the 
solution  diluted  to  contain  two  per  cent,  sulphuric  acid,  it 
reached  a  maximum  at  68.3. 

(d)  Osazauf. — After  hydrolysis  to  this  maximum  the  products 
were  treated  with  phenylhydrazine  under  the  usual  conditions 
of  formation  of  osazones.  A  characteristic  product  was  obtained 
crystallizing  well  from  solution  in  benzene.  It  was  found  to 
melt  at  154°.  On  analysis  it  gave  a  quantity  of  ammonia  cor- 
responding to  eight  and  four-tenths  per  cent,  nitrogen.  The 
parent  substance  is  still,  therefore,  a  product  of  relatively 
high  molecular  weight,  approximately  of  the  dimensions  C,,  to 
C,„  or,  more  strictly,  containing  one  reactive  CO  group  in  the 
unit  of  these  dimensions. 

{c)  Decomposition  hy  oxidants. — On  treatment  with  potassium 
permanganate  in  neutral  solution  it  gives  large  yields  of  acetic 
acid.  The  products  of  oxidation  by  Pehling's  solution  also 
contain  a  large  proportion  of  this  acid. 

{d)  Acetyiation. — The  two  products  of  hydrolysis  not  yet  hav- 
ing been  isolated  on  the  large  scale,  the  reaction  with  acetic 
anhydride  has  been  studied  with  the  parent  substance.  These 
celluloses  contain  reactive  hydroxyl  groups,  forming  an  acetate 
on  digestion  with  the  anhydride  at  its  boiling-point.  The  yield 
obtained  in  one  experiment  was  124  per  cent.  The  product 
being  insoluble  in  and  unaffected  by  the  usual  solvents  of  the 
cellulose  acetates,  it  was  possible  that  a  more  complicated  reaction 
had  resulted,  e,  g.,  condensation  of  the  furfuroids  to  furfural 
and  union  with  the  anhydride  to  furfuracrylic  acid.  On  distil- 
lation with  hydrochloric  acid  the  product  yielded  nine  and  a 
half  per  cent,  furfural,  which  amounts  to  twelve  per  cent,  of  the 
original  cellulose.  The  reaction  will  be  further  investigated 
with  the  isolated  furfuroids. 

(e)  Qualitative  Reactions, — The  cereal-celluloses,  as  we  have 
frequently  stated,  do  not  give  the  reactions  characteristic  of  the 
pentosans,  nor  do  the  soluble  products  of  acid  hydrolysis 
obtained  as  described. 

The  celluloses  on  the  other  hand  give  a  rose-red  coloration  on 
boiling  with  solutions  of  aniline  salts,  and  the  reaction  is  also 
obtained  with  the  products  of  hydrolysis.      From  the  behavior 
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of  the  products  with  barium  carbonate  it  appears  we  are  dealing 
with  two  groups :  a  neutral  group  presumably  aldoses,  and  a 
more  acid  group  giving  insoluble  barium  compounds,  both  cbar- 
acterized  by  the  furfural  reactions.  The  lines  are  obviously 
indicated  upon  which  the  separation  and  isolation  of  these  two 
groups  must  proceed. 

II.   THE  CONSTITUTION  OP  THE  CEREAI^  STRAWS- 

The  straws  are  obviously  complex  structures  and  therefore  not 
chemicall}'  homogeneous.  They  contain  a  considerable  propor- 
tion of  lignocellulose,  the  lignification  being  most  marked  in  th^ 
groups  of  thickened  polygonal  cells  situated  in  the  hypodermal 
region,  and  evidently  contributing  chiefly  to  the  rigidity  of  tlie 
stem. 

The  following  constants  have  been  determined,  certain  of 
which  may  be  taken  as  measuring  the  proportion  of  lignocellix- 
lose  in  the  complex  : 

Wheat  straw.  Barley  •tra'^- 

Cell u lose,  (chlori nation  method) 45.2  45-5 

Chlorination,  chlorine  combining 2.5  2.5 

"            chlorine  as  hydrochloric  acid  •  •     2.9  2.4 

Methoxyl,  (O.CHj) 3.1  2.r 

Furfural 14.15  I4-I5 

Volatile  ac^,   chiefly   acetic,  distilled  with 

thirty-three  per  cent,  sulphuric  acid 6,4  6.3 

The  chlorination  numbers  correspond  with  a  proportion  of 
lignocelluloses  amounting  to  thirty-three  percent.  Of  the  cellu- 
lose isolated  by  the  method  of  chlorination  approximately  one- 
half  is  obtained  from  this  g^oup,  one-half  being  derived  from  tlie 
residual  complex.  The  lignocelluloses  giving  seven  to  eight  per 
cent,  furfural,  yield  say  two  and  six-tenths  of  the  total  fourteen 
and  five-tenths  of  the  straw. 

The  **  residual*'  complex  is  therefore  richer  in  furfuroids  and 
has  a  correspondingly  lower  proportion  of  the  resistant  celluloses. 

It  may  be  further  resolved  as  follows : 

Vieldinfir  furfural 
of  cellulose,  of  straDv. 
pertreut.     per  cent. 

Resistant  "  cellulose  " 25.0  12.0  3.0 

Pentosans  \ 

Hemicelluloses  / ^^-^  9-o 

1  yidf  the  author's  book  :  "  Cellulose/'  pp.  1x1-113. 
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Assuming  that  of  the  latter  group  of  easily  hydrolyzable  con- 
stituents the  furfural-3delding  bodies  are  exclusively  pentosans, 
this  would  amount  to  one-half,  and  the  entire  straw  (structural 
elements)  might  be  expressed  in  terms  of  its  proximate  constitu- 
ents, as  follows : 

Contain-     Yield- 
ing eel-    ii»r  fur- 
Dlspoaition  in  stem.  lulose.       inral. 

"^^SriSS?b'u"^f^"  o^l  Lignocellulce.  ...  33.0    ^S-o       ..6 

Veaselfi  of  fibrovascular  bundles  r  Resistant  cellulose.  25.0    2.50       2.6 
parenchyma  and  •<  Hemicelluloses  ...  21.0    *-> 

corbez.  ( Pentosans 21 .0    ...         9.0 

100.00  14.6 

It  will  be  an  object  of  our  future  investigations  further  to 
differentiate  this  complex. 

4  Nbw  Court,  l/otmov,  W.  C. 


NOTES    UPON    THE    DETERniNATION    OF   NITRITES  IN 

POTABLE  WATER. 

Bt  Augustus  H.  Gill  and  H.  a.  Richardson. 

Received  October  99,  it9$. 

IN  comparing  the  results  obtained  by  Trommsdorff*s  iodo-zinc 
starch  method  and  Griess'  a-napthylamine  test  upon  a 
large  variety  of  waters,  discrepancies  were  noticed  which  were 
very  marked  in  the  case  of  the  peaty  waters.  These  showed  no 
blue  by  TrommsdorS's  method,  but  in  some  cases  as  high  as 
o.ooio  parts  nitrogen  as  N,0,  per  100,000  by  the  Griess  test. 
Upon  decolorizing  the  waters  the  results  agreed,  showing  that 
the  peaty  matter  interferes  with  the  formation  of  the  iodide  of 
starch,  and  unless  nitrites  are  present  in  considerable  quantity 
(above  0.0020  parts  nitrogen  as  N,0,  per  100,000)  this  test  is 
not  capable  of  detecting  them. 

The  decolorization  was  affected  in  the  cold,  as  heating  in- 
creases the  nitrites,  by  shaking  up  about  250  cc.  of  the  water  with 
three  cc.  of  *'  milk  of  alumina," '  allowing  to  settle,  and  filter- 
ing through  a  filter  which  is  washed  free  from  nitrites.  Even 
when  using  Griess'  method  it  was  found  advantageous  to 
decolorize  the  peaty  waters,  as  their  brown  color  modifies  the 
pink  tint,  giving  a  slightly  higher  reading  than  would  other- 
wise be  obtained. 

1  Prepared  by  precipluting  •  boiling  solution  of  125  grams  potash  alum  per  liter 
with  ammonia,  aUowing  the  aluminum  hydroxide  to  settle  and  washing  by  decantation. 
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The  table  on  the  preceding  page  shows  the  efifect  of  the  peaty 
matter  and  also  a  comparison  of  the  methods,  together  with 
that  of  the  m-phenylene  diamine. 

In  some  cases  a  pink  color  was  obtained  and  no  blue,  due 
probably  to  the  greater  delicacy  of  the  napthylamine  test,  it  being 
competent  to  detect  0.000 :•  part  of  nitrogen  as  N,0,  in  100,000. 
This  we  think  is  the  extreme  limit  of  the  test,  as  different  shades, 
not  depiks  of  color  are  obtained  upon  adding  different  quantities 
of  the  reagents,  as  Dr.  J.  T.  Tanner'  found.  The  iodo-zinc 
starch  method  is  incapable  of  detecting  less  than  0.0002  part  of 
nitrogen  as  N,0,  per  100,000. 

In  a  few* cases  a  blue  color  appeared,  but  no  pink,  but  upon 
passing  carbon  dioxide  through  the  water  no  blue  was  obtained. 
This  may  possibly  have  been  due  to  hydrogen  peroxide.  Where 
large  quantities  of  nitrites  are  present,  a  purple  color  instead  of 
a  blue  is  obtained,  which  is  difficult  to  estimate  ;  in  such  cases 
the  water  should  be  diluted  before  applying  the  test. 

In  conducting  the  Griess  test,  the  directions  given  by  Dr. 
Tanner*  were  followed  with  the  additional  precaution  of  using 
water  free  from  nitrites  in  the  preparation  of  the  reagents.  This 
was  prepared  by  distilling  the  middle  portion  of  ordinary  dis- 
tilled water  with  an  excess  of  alkaline  permanganate,  collecting 
the  middle  portion  of  the  distillate  thus  obtained.  Water  pre- 
pared in  this  way  gives  no  test  upon  eighteen  hours'  standing, 
even  when  tightly  stoppered. 


A  QRAVIMETRIC  HETHOD  OF  ESTIMATINQ  PHOSPHORIC 

ACID  AS  AnnoNiun  PHOSPHOMOLYBDATE." 

By  Thomas  S.  GLADDiito. 
Received  November  11,  1695. 

THE  estimation  of  phosphoric  acid  by  weighing  the  yellow 
precipitate  of  ammonium  phosphomolybdate  has  often 
been  attempted,  but,  except  in  iron  analysis,  where  the  amount 
of  phosphorus  is  very  small,  such  a  method  has  never  yet  been 
successful.  The  reason  of  such  failure  is  evident  when  we  con- 
sider the  analyses  that  have  been  made  of  the  yellow  precipitate. 
A  few  only  need  be  presented. 

I  Report  National  Board  of  Health,  iS^i,  280. 

^Loc.cit, 

*Read  before  the  New  York  Section  of  the  American  Chemical  Society.  Nov.  8,  1895. 
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Rammela-  Stnive  and  Sonnen- 

bergr*  Svaoberg*  schein.  Gibbs. 

H,0 5.77  9.49  ".23  3-94 

NH4OH 3.25  9.49  "-23  3-35 

PA 390  3.63  303  3-66 

Mop, 86.45  86.88  86.87  89.05 

Gibbs  gives  the  following  formula  for  the  salt : 

24M0O.,  P.O..  3(NH  J,OH-24MoO..  P.0.2(NH  J,0.H,0+,i6Aq. 

He  prepared  the  salt  by  mixing  solutions  of  ammonium 
raolybdate  (seven  parts  of  water  to  three  of  the  salt)  and  phos- 
phate, adding  nitric  acid  in  excess  to  the  solution  and  boiling. 
Such  a  method  would  give  more  or  less  occluded  molybdic 
oxide.  His  analyses  gave  3.70  per  cent,  and  3.83  per  cent,  of 
phosphorus  pentoxide  against  the  theoretical  percentage  of  3.66. 
Such  results  were  sufficiently  accurate  for  his  purposes,  but 
would  discourage  any  suggestion  of  using  the  yellow  salt  as  the 
basis  of  a  gravimetric  method.  His  formula  is,  however,  with- 
out any  doubt,  the  correct  one,  with  the  exception  of  the  water 
of  crystallization. 

My  own  analysis  of  the  salt  precipitated  in  the  manner 
described  later  on,  and  dried  at  a  temperature  of  105®  C.  to  a 
constant  weight,  gives  me  the  following  composition : 

Theoretical.  By  analysis. 

48M0O, 91*38  9I-36 

2PA 3.76  376 

loNH, 2.25  2.31 

iiH,0 2.61  2.57 

For  ammonia  1.015  grams  gave  0.0234  gram  NH,=  2.30  per 
cent. 

For  ammonia  20.193  grams  gave  0.4690  gram  NH,=  2.32  per 
cent. 

For  moisture  7.25  grams  gave =  2.53  per  cent. 

••      10.30      •*         •*  **      =2.61    ** 

The  water  was  determined  by  estimating  tojtal  hydrogen  by 
combustion  with  copper  oxide. 

For  phosphoric  acid,  repeated  analyses  and  syntheses  gave 
almost  exactly  3.76  per  cent. 

The  molybdic  acid  was  found  by  difference. 

The  fact  that  drying  at  105®  C.  expels  all  the  water  except 
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eleven  molecules,  and  that  the  yellow  salt  when  dried  over  sul- 
phuric acid  in  a  close  desiccator  comes  to  the  same  weight  as 
when  dried  at  105®  C.  would  indicate  that  this  salt  contains  no 
other  water  of  crystallization.  Any  excess  of  water  is  appar- 
ently hygroscopic  water  and  not  water  of  crystallization.  I 
therefore  find  the  following  as  the  correct  formula  for  the  crystal- 
lized yellow  salt : 

24MoO.,PA,3(NH,),0  +  24MoO.,PA.2(NHJ,O.H,0+5Aq. 

The  following  method  of  procedure  has  given  me  a  precipi- 
tate of  a  very  uniform  composition  and  would  seem  to  afford  the 
simplest  and  easiest  method  yet  presented  for  estimating  phos- 
phoric acid. 

To  the  solution  of  phosphoric  acid,  (twenty-five  cc.  to  fifty  cc. 
in  bulk,  are  added)  twenty-five  cc.  of  strong  ammonia  0.900  sp. 
gr. :  nitric  acid,  i.42sp.  gr.,  is  now  added  to  acidity.  The  beaker 
containing  the  solution,  is  placed  in  a  water-bath  maintained  at 
a  constant  temperature  of  50**  C.  The  ordinary  ten  per  cent, 
acid  molybdate  solution  is  now.  added  from  a  burette  at  the  rate 
of  about  three  drops  per  second,  with  constant  stirring,  (fifty 
cc.  may  be  added  in  five  minutes) .  When  the  molybdate  solu- 
tion to  an  excess  of  about  ten  cc.  has  been  added,  the  beaker  is 
allowed  to  remain  for  ten  minutes  in  the  bath.  The  contents 
are  then  filtered  through  a  weighed  filter  paper. 

The  filtrate,  without  the  washings,  and  after  the  addition  of 
five  cc.  molybdate  solution,  is  replaced  in  the  bath  for  ten  min- 
utes. The  liquid  should  remain  clear  or  at  most  show  only  a 
faint  opalescence. 

For  washing  the  precipitate,  a  wash  water  of  dilute  nitric  acid 
100:1  is  employed.  Three  generous  washings  by  decantation 
and  three  washings  on  the  paper  followed  by  one  final  washing 
with  distilled  water  are  sufficient.  The  paper  and  contents  are 
now  drained  for  a  few  minutes  on  some  waste  filter  or  blotting 
paper  and  then  dried  to  a  constant  weight  at  a  temperature  of 
105'  C. 

In  this  method,  the  formation  of  a  pure  granular  precipitate 
of  uniform  composition  and  free  from  occluded  salts,  is  secured 
by  the  gradual  addition  drop  by  drop  of  the  molybdate  solution 
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with  constant  stirring.  The  completeness  of  precipitation  of  the 
phosphoric  acid  is  attained  by  the  presence  of  a  large  amount  of 
ammonium  nitrate.  The  separation  of  molybdic  oxide  or  iron 
salt  is  avoided  by  the  low  temperature  employed. 

For  the  final  drying  at  105"  C.  an  air-bath  was  tried  and 
decisively  abandoned.  The  use  of  a  liquid  boiling  at  108"  C.  to 
no®  C.  is  the  only  safe  course.  A  water-oven  consisting  of 
several  distinct  divisions  or  floors,  one  above  the  other,  and  sur- 
rounded with  dilute  glycerol  1.160  sp.  gr.  boiling  at  no  C.  was 
found  to  work  admirably.  The  lower  bath  or  division  is  reserved 
for  the  final  drying.  None  but  dry  or  almost  dry  precipitates 
must  be  allowed  in  this  lower  division.  The  precipitate  may 
be  dried  in  an  ordinary  water-oven  almost  to  a  constant  weight 
and  then  dried  for  one  hour  longer  in  a  glycerol  oven  at  105*  C. 
The  filter  papers  used  are  dried  at  105°  C.  and  weighed  between 
large,  closely  fitting  ground  watch-glasses.  The  final  weighings 
of  papers  and  contents  are  made  in  the  same  manner. 

The  following  investigation  serves  to  show  the  results  that  are 
secured  by  this  method  of  analysis. 

A  chemically  pure  microcosmic  salt  was  finely  pulverized. 
Careful  ignition*  of  ten  grams  in  a  covered  platinum  dish  gave 
4.8955  grams  of  sodium  phosphate,  giving  a  percentage  by  cal- 
culation of  34.07  per  cent,  phosphorus  pentoxide.  Ten  grams 
of  the  salt  were  now  dissolved  in  one  liter  of  water  and  aliquots 
taken.  Twenty-five  cc.  containing  0.250  gram  of  microcosmic 
salt  were  treated  exactly  as  above.  Fifty  cc.  containing  0.500 
gram  microcosmic  salt  were  treated  by  the  official  magnesia, 
method.     The  following  results  were  obtained  : 

•  Gladding:  Magnesia 

Taken.  method.  Taken.  method. 

Per  cent.  Per  cent. 

1 0250  34.07  0.500  34.07 

2 0.250  34.08  0.500  34.05 

3 0.250  34.06  0,500  34.09 

4 0.250  34.10  :soo  34.08 

A  solution  of  one-tenth  of  the  above  strength  was  obtained  by 
dilution.  Of  this  the  following  quantities  were  used  and  the 
phosphoric  acid  therein  obtained  by  the  new  method  : 


PHOSPHORIC  ACID.  2^ 

Yellow                Phosphorus  Theoretical 

Taken.                   salt                    pentozide  phosphorus 

cc.                  obtained.                 obtained.  pentoxide. 

I 10       0.091       0.00342  0.003407 

2 I          O.OIO         0.00037  0.00034 

These  last  experiments  demonstrate  the  insolubility  of  the 

yellow  salt  and  the  applicability  of  the  new  method  to  very 
small  amounts  of  phosphoric  acid. 

A  number  of  comparative  tests  of  fertilizers  gave  closely 
agreeing  results,  as  follows  : 

Official  method.  New  method, 

per  cenL  per  cent. 


Phosphoric  acid. 28.80  28.87 

*'   2.63  2.70 

"  12.03  12.00 

**   28.30  28.33 

"   1564  15.70 

**  15.04  15.00 

*'  15.19  15-23 

29.16  29.23 


i< 


In  all  fertilizer  work  0.250  gram  were  used  for  precipitation, 
and  molybdate  solution  to  an  excess  of  about  ten  cc.  was  added. 
No  more  than  ten  cc.  in  excess  should  be  used. 

Tankages  and  fertilizers  containing  a  notable  amount  of 
organic  matter  should  be  ignited  before  solution. 

An  application  of  this  method  to  the  direct  determination  ot 
reverted  or  citrate  soluble  phosphoric  acid  promises  good  results. 
The  method  of  proceedure  is  as  follows  :  The  citrate  filtrate  and 
washings  are  made  up  to  200  cc.  Twenty-five  cc,  equivalent  to 
0.250  gram  of  the  fertilizer  are  treated  as  follows :  Fifty  cc. 
ammonia  b.QOOsp.  gr.,  are  added  and  then  nitric  acid  to  acidity. 
The  liquid  is  now  diluted  to  half  a  liter  to  overcome  the  solvent 
action  of  the  ammonium  citrate,  and  heated  in  a  bath  to  65''  C. 
Pffty  cc.  of  molybdate  solution  are  added  in  a  thin  stream  with 
stirring  and  the  whole  digested  for  thirty  minutes.  The  rest  of 
the  analysis  is  conducted  precisely  as  in  ordinary  work,  except 
that  the  filtrate  is  heated  for  thirty  minutes  longer  at  65®  C. 
The  liquid  should  remain  clear. 


DIPYRIDINE  TRIMETHYLENE  DIBROMIDE,  AND  A  STUDY 
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Received  Norember  4, 1895. 

IN  the  course  of  an  inquiry  into  certain  limits  to  the  formation 
of  the  addition  compounds  of  amines  with  halogen  substi- 
tuted hydrocarbons,  an  inquiry  made  both  historically  and  by 
experimentation,  the  compound  named  first  above  was  obtairied. 
In  this  study  the  bases  chiefly  considered  are  the  tertiary  amines, 
and  the  halogen  compounds  chiefly  those  of  mono-  and  dihalog^en 
substitution,  especially  in  the  saturated  hydrocarbons. 

ALKYL  HAUDES  IN  THE  FORMATION  OF  NITROGEN  BASES. 

Among  the  more  simple  aliphatic  bases,   it  is  obvious  tliat 
there  are  limits  (other  than  those  of  valence)  to  the  concentra- 
tion of  carbon,  or  displacement  of  hydrogen,    in   the  atomic 
positions  next  but  one  to  the  nitrogen.'     Among  well  known 
products,  normal  propyl  forms  a  primary,  a  secondary,   and    a 
tertiar}'  amine,  likewise  a  quaternary^  base  iodide,  and  hydrox- 
ide, the  latter  not  decomposed  at  ioo°  C.     In  contrast,  isopropyl 
has  been  found  to  form  only  a  primary  and  a  secondary  amine. 
The  butyls,  as  base-forming  alkyls,  behave  with  a  like  grada- 
tion of  formative  power.     Normal  butyl  holds  the  four  ammo- 
nium valencies  of  nitrogen.*     Isobutyl,  primary,  forms  the  qua- 
ternary base  iodide,*  but  not  bromide.*     Secondary  butyl  forms 
the  secondary  amine  but  sparingly,  the  tertiary  with  difficulty, 
and  this  refuses  to  unite  with  iodide  of  the  same  alkyl  in  forma- 
tion of  a  quaternary  base."     Finally  the  tertiary  butyl  appears 
to  form  only  a  primary  amine,  namely,   trimethyl  carbinamine, 
(CH3).CNH,.' 

This  was  obtained  by  Butlerow,'  as  a  bye-product,  from  ter- 
tiar\'  butyl  cyanide,  during  the  conversion  of  this  nitrile  to  \ri- 

1  Read  at  the  Springfield  Meetingof  the  American  Association  for  the  Advancement 
of  Science. 

2  That  is.  as  atoms  directly  linked  io  alpha  C. 
8  H.  Roemer.  1873 :  Ber.d.chem.  (?«..  6,  ixoi. 

4  ijeben  and  Rossi.  1873 :  Ann.  Chetn,  (Uebig),  165,  109. 

6  Sachtleben.  1878:  Ber,  d.  chem.  Ges.,  xi,  733. 
«  Reimer,  1870 :  Bn:  d.  chem.  Ges.,  3,  756. 

7  S.  Reimann,  1874  :  Ber.  d.  chem.  Ges.,  7, 1289. 
■<  Attti,  Chem.  (Liebig),  X70,  151 ;  x6a,7,  12. 
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methyl  acetic  acid,  and  has  been  obtained,  as  stated,  through 
transformation  of  isobutyl  iodide,  when  acted  upon  by  silver 
cyanide,  by  Linnemann,'  and  by  Brauner.*  Rudneff,'  also  has 
studied  trimethy  1  carbinamine .  The  last  named  chemist  found  that 
although  trimethyl  carbinamine  unites  with  tertiary  butyl  iodide 
to  form  the  secondary  base  in  its  hydriodide,  (CH,),C,NH.HI ; 
on  distilling  this  with  potash  the  secondary  amine  was  not 
formed,  but  only  the  primary  amine  again.  This  boils  at  45®  C. 
The  preparation  of  trimethyl  carbinamine  by  transformation  of 
isobutyl  iodide  in  reaction  with  silver  cyanate,  as  reported  by 
Linnemann,^  was  tried  by  A.  W.  Hofmann,  in  1874,*  without 
success,  obtaining  chiefly  isobutylamine,  after  which  Brauner, 
at  Linn/emann's  request,  went  over  the  work  with  great  care,  and 
has  reported  the  operation  with  his  interpretation  of  the  reac- 
tion and  his  successful  production  of  the  primary  amine  of  the  ter- 
tiary alkyl,  as  above  cited.  He  obtained,  however,  both  isobutyl- 
amine and  the  tertiary  butylamine.  In  repeating  his  operation 
twice,  the  second  time  with  rigid  rectification  of  materials  and 
products,  we  obtained  the  hydrochloride  of  a  base  which  agrees 
in  centesimals  with  a  pure  butylamine.  On  distilling  this  over 
potassium  hydroxide,  no  distillate  was  obtained  of  a  boiling- 
point  below  65®  C.  The  first  distillate  had  just  the  boiling- 
point  of  isobutylamine,  primary  amine  of  primary  alcohol,  a 
result  which  only  gives  to  us  another  indication  that  tertiary 
alky  Is  do  not  form  amines  with  readiness. 

The  greater  avidity  of  methyl  halides  than  of  ethyl  halides,  in 
additive  reaction  with  tertiary  bases,  is  a  common  laboratory 
observation.  This  difference,  however,  cannot  be  attributed 
wholly  to  the  ratio  of  hydrogen  carried  by  the  carbon  atom  link- 
ing to  nitrogen,  because  of  the  higher  ratio  of  total  hydrogen  to 
total  carbon  in  the  methyl  as  compared  with  entire  ethyl.  But 
the  disparity  in  reactive  strength  between  propyl  and  isopropyl 
can  be  theoretically  attributed  to  the  one  difference  between  the 
two  alkyls,  the  structural  difference  in  ratio  of  hydrogen  to  car- 

1 187a:  Ann.  Chem.  (I^iebig).  16a,  19. 
s  18^:  Ann,  Chem.  (Uebig),  iga,  65. 

>  18:^ :  Ser.  d.  chem.  Ges.,  11, 988,  193S ;  Z9, 1033 ;  x88o.  Bull.  Soc.  chim.|[a],  S3»  397. 
*  Already  cited.    This  transfonuatioii  agrees  with  that  of  isobutyl  alcohol  into  tri- 
neChy]  cartMDOl,  reported  at  the  same  time  by  I«innemann :  Ann.  Chem.  (Liebig).  169,  la. 
^Ser.  d.  chem,  Ges.  7, 506. 
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bon  in  positions  nearest  the  nitrogen.  In  speed  of  additive 
reaction  toward  triethylamine,  Menschutkin'  found  that  of  nor- 
mal propyl  iodide  to  be  0.0116,  that  of  isopropyl  iodide  to  be 
0.00121,  in  like  measures  of  the  two.  Normal  butyl  was  to 
iso butyl  as  0.00832  to  0.00191.  Ethyl  to  normal  propyl  as 
0.00584  to  0.000984,  all  the  alkyls  acting  as  iodides,  the  reactions 
being  compared  in  the  same  solvent.  In  recent  studies*  of  the 
same  investigator,  tertiar>-  amines  are  compared  with  secondary 
and  primar>'  amines  in  speed  of  additive  reaction  with  the  same 
alkyl  bromide,  in  each  of  four  series.  Toward  methyl  bromide, 
diethylamine  is  to  dipropylamine,  as  16886  to  10264 ;  toward 
ethyl  bromide,  the  same  amines,  respectivel3%  as  182  to  loi,  in 
speed  of  addition.  Using  electrolytic  measurement  of  the  aflSnity 
coefficients,  Bredig*  finds  the  quatemar>'  organic  bases  to  be 
the  strongest  and  the  tertiary  the  weakest,  each  taken  in  its 
ammonium  chloride. 

The  limits  of  the  addition  of  aliphatic  tertiar>'  bases,  those  of 
simple  composition,  to  halogen  substituted  hydrocarbons,  have 
been  lately  studied  by  Kleine,*  the  chief  question  being  the  addi- 
tive capacity  of  a  secondar>',  and  a  tertiar>%  halogen  substituted 
group.  The  bases  studied  were  trimethylamine  and  triethyl- 
amine :  the  halides  were  monobromine  and  di bromine  substituted 
hydrocarbons  in  the  saturated  series  as  far  as  pentane,  as  well 
as  various  unsaturated  derivatives  of  open  carbon  chain.  It  was 
concluded  by  Kleine,  from  work  previously  reported  and  from 
some  work  of  his  own,  that  addition  is  not  effected  w^ith  the 
linking  group  CHX  (X  being  the  halogen),  nor  with  a  ter- 
tiary group  ex.  nor  if  a  secondary-  or  tertiarj'  substituted 
group  be  present  in  the  compound.  Addition  is  not  obtained 
with  ethylidine  bromide,  nor  with  common  propylene  bromide, 
CH,.CHBr.CH,Br,  nor  with  monobroniethylene,  nor  with  either 
alpha  or  beta  monobrompropylene,  nor  with  CHBr :  C(CH,),. 
In  failure  of  addition  other  reactions  take  place,  the  products  of 
which  have  been  determined.     Evidently  the  affinities  of  these 

I  X.  Meuschutkin  and  M.  Vasileff.  Si.  Pctersbar^.  April.  1890  :  ZUckr.  ^ys.  Ckrm., 

<  Menschutkin,  1895 :  Srr.  d.  chem.  Grs.,  at,  1398. 

*G.  Brcdig.  1H94  :  ZUchr.phys.  Chtm,,  13,  a68. 

«  G.  Kleine.  1894  :  Chem.  Centrbl.,  I.  16,  from  Ztschr.  NatarwiHaenschaften,  M,  1.7a. 
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Other  products  are  factors  in  the  problem  as  to  the  limits  of  alkyl 
union  with  nitrogen  in  organic  bases. 

In  the  studies  of  these  limits  phenyl  has  received  less  attention . ' 
Diphenylamine  is  a  weak  base.  Triphenylamine  is  indifferent 
to  acids,  and  refuses  addition  with  alkyl  iodides.  Triphenyl 
phosphine  is  stated  to  have  a  little  capacity  to  hold  alkyl  iodides 
in  union.  Coming  under  the  definition  of  a  tertiary  alkyl, 
phenyl  has  base-forming  capacity  distinctly  greater  than  that 
of  tertiary  butyl,  the  interactions  of  all  the  CH  groups  in  the 
ring  insome  way  reinforcing  the  carbon  which  links  to  nitrogen, 
destitute  as  this  carbon  is  in  respect  to  direct  hydrogen  union. 
In  pyridine  there  appears  an  altogether  different  character,  an 
indivisible  tertiary  base  of  strength,  with  special  additive  capa- 
bilities. With  alkyl  iodides  it  forms  certain  addition  compounds 
beyond  those  obtained  even  with  trimethylamine.  In  pjrridine 
the  carbon  linked  to  nitrogen  is  wholly  in  CH  groups,  and  we 
may  infer  that  all  of  the  five  of  these  groups  are  in  some  sense 
directly  united  to  the  nitrogen,  though  brought  within  a  valence 
of  three.  Possibly  also,  the  unsaturation  of  the  unions  of  car- 
bon to  carbon,  which  is  more  active  in  pyridine  than  in  benzene, 
imparts  additive  power  to  the  nitrogen.  The  vigorous  formation 
of  pyridine  methyl  iodide  was  remarked  by  Anderson'  shortly 
after  his  discovery  of  this  base. 

Mention  of  the  addition  compounds  of  pyridine  with  methyl 
iodide,'  ethyl  iodide,^  propyl  iodide  and  isopropyl  iodide,"  has 
been  published  in  the  accounts  of  various  investigations  devoted 
to  other  subjects,  and  therefore  with  partial  examination  and 
description  of  these  particular  products.*  In  resorting  to  pyri- 
dine as  an  analytical  reagent  for  the  identification  of  alkyls,  Lip- 

^  In  settinfiT  out  to  build  up  secondary  and  tertiary  amines  in  1850,  A.  W.  Hof  mann 
formed  ethylphenylamine,  remarking  that  his  "  previous  experimental  researches  sug- 
gested aniline  for  the  foundation."— Phil.  Trans.,  1850, 1.,  97. 

s  Trans.  Roy.  Soc.  Edinb..  az,  (4)  571 ;  Ann.  Chem.  (Liebig).  94,  360. 

s  O.  I^nge*  On  picolines  by  Ladenburg's  transposition,  1885:  Ber.  d.  chem.  Ges.,  18, 

*  O.  de  Coninck,  Analytical  distinction  between  pyridine  and  quinoline,  1883  :  Bull. 
Soc.  cMim.  [a],  40,  376. 

*  Ladenbnrg  and  Schraeder,  On  formation  of  propyl  pyridines,  1884 :  Ber.  d.  chem. 
Ges.,  ij,  II2Z,  aud  further  in  other  pa  pens. 

*  A  description  of  these  four  quatemar>'  base  iodides  is  given  in  another  paper  from 
this  laboratory  by  A.  B.  Prescott. 
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ZJZit  Irsnmre  '^yTa  pyridine  alkyl 


y>:s^e§  ar:<i  aas  ajso  cocm-cted  as  accnuzt  ot  tbc  preparation, 

ar^  vtruzz.  cc  tie  pc^pertaes  cc  tie  ccczrzacde  bctyi  iodides  of 
s:  ^.'-iirjt  sasielj.  tiyi-^e  of  =rjc  r.aT  cctvL  scGcryl.  and  second- 
ir:  '-  rt: !.  Tcrtiarv  bctyl  x<i>ie  dfi  ace  sgtsi  a  permanent 
a.-!-::::''.-  iir>f :in  wtth  pTri-irrae,  iii  Lir-cert" s  hands,  the  reaction 
r.r  n*  prvi-^rticc  jielding  izdicatictK  cf  pyrfdiiic  hydriodide  and 
''.c  i*r>-.r::r.'Ietie.  Tzcae  trargfcrzurfoc  products  are  the  same 
t2:-it  Larre  >t«  obtained  npcs  attesipciiig^  to  iiitrodace  tertiary 
b'^t;  I  into  alrpbatic  amines,  aad  at  all  ercats  have  preroitedthe 
I:nk:-^  of  niore  than  oce  tertiary  bctyl  grocp  to  the  nitrogen  of 

It  iopear^.  therefcte,  that  for  secondary  and  tertiary  alkyl 
ruli-fe*.  the  limits  oi  p>-TidiDe  addition  go  beyond  the  limits  of 
tr:rrjtthylaz:ice  or  triethylainine  addition,  while  the  former 
I:~:t.i  arc  parallel  to  the  latter.  On  the  other  hand  it  is  easier 
to  forn;  a  prinxary  amine  or  an^nionium  salt  of  a  tertiary  alkyl 
tr^n  it  is  to  form  a  pyridiaiam  salt  of  the  same  alkyl.  Compar- 
-'4  pyridine  addition  with  aliphatic  base  formation,  we  may 
^yS-'j  the  conclasions  drawn  by  Menschntkin  from  comparisons 
arr.o:.;^  certain  aliphatic  bases  themselves,  that  the  capacity  of 
the  n:tro;^en  atom  in  a  base  to  exercise  five  units  of  valence, 
d*rp^r,fi%  largely,  he  says,  on  the  nature  of  the  elements  or  groups 
*j,  r  hich  the  nitrogen  is  abready  united. 

MHALOGE.V  SUBSTITUTED. HYDROCARBONS  IX   ADDITIVB    REAC- 
TION WITH  PYRIDINE. 

The  action  of  halides  of  "diatomic  radicals"  upon  the  ter- 
ttary  an:: lies  was  studied  by  Hofmann  in  London.'  Pyridine 
ethylene  bromide  was  obtained^  in  his  laboratory  a  short  time 
'^>efore  he  returned  to  Germany.  This  product  was  stable,  and 
upon  analysis  was  found  to  have  the  proportions  of  (C^H^N), 
^.H.Br,.     We  may  now  express  this  composition  by  the  formula 

J  "A"   Upp*-rt     On  the  decomposition  of  ethers  by  h3rdro^en   hiiUdes,  1893  :    Ann. 

»  fr.il  Trail*  Action  of  ethylene  bromide  upon  trimethylamiue.  May  2.  185S.  upon 
tn^'":  :  pho^phinc  Jane  25.  i960.     Farther   Proc.  Roy.  Soc..  9.  295. 

»  I>*'-i4v>n   May  24.  1561     Proc.  Roy.  Soc..  11.  261  ;  J.  Chrm.  S>c..  14,  161. 
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The  next  homologue  in  diprimary  dibromine  substitution  is 
trimethylene  bromide,  CH,Br.CH,.CH,Br,  and  we  have  obtained 
its  addition  compound  with  pyridine  as  follows  :  Pyridine  of  a 
boiling-point  of  Ii6*-ii8^  C,  and  trimethylene  bromide  of  a 
boiling-point  of  165**  C,  were  added  together  in  the  proportion 
of  two  molecules  of  the  pyridine  to  one  molecule  of  the  bromide, 
and  to  the  mixture  one-fifth  its  volume  of  absolute  alcohol  was 
added.  In  Preparation  I  the  mixture  was  heated  in  a  sealed 
tube,  at  105"*-!  15°  C.  for  four  hours,  when  the  product  was  a  light 
brown  crystalline  mass,  with  a  very  little  dark  brown  oily  liquid 
and  some  gas  escaping  as  the  tube  was  opened.  The  crystals 
were  drained,  washed  with  alcohol,  becoming  of  very  light  color, 
and  recrystallized  once  from  alcohol,  becoming  nearly  white. 
Dried  on  a  porous  plate,  the  melting  point  of  the  crystals  was 
225*-226**  C.  In  Preparation  II  the  same  materials,  in  same 
proportion,  were  digested  in  a  sealed  tube  without  applying  heat, 
for  a  week.  Crystallization  began  in  clusters  on  the  first  day 
and  increased  steadily  until  apparently  complete,  this  product 
being  pure  white.  These  crystals,  without  recrystallizing,  were 
washed  under  suction  with  alcohol  and  dried  on  a  porous  plate 
in  a  vacuum  desiccator.  The  melting  point  was  the  same  as  that 
of  Preparation  I. 

This  compound  is  very  soluble  in  water,  less  soluble  in 
alcohol,  and  in  ether,  and  but  very  slightly  soluble  in  chloro- 
form. It  is  slightly  hygroscopic  in  the  air.  Kept  in  an  open 
vessel  for  weeks  it  shows  no  indication  of  decomposition.  At 
the  high  melting  point  there  is  gradual  decomposition.  Distilled 
at  a  little  above  its  melting  point,  it  yielded  hydrobromic  acid, 
and  a  very  hygroscopic  sublimate,  which  sublimed  again 
unchanged,  and  had  the  properties  of  pyridine  hydrobromide. 
No  further  work  was  done  upon  the  decomposition  products. 
Analysis  of  the  addition  product  itself  gave  figures  as  follows  : 

Calculated  for  Preparation  I.  Prepara- 

(CiHsN),C,HcBr,.  (i)  (2)  tion  II. 

Bromine 44*43  44- 1 1  44*07  44-42 

Nitrogen 7.78  8.08  8.46  7.84 

A  determination  of  the  molecular  weight  was  made  with  Prep- 
aration I  by  the  cryoscopic  method,  using  phenol  as  the  sol- 
vent.    Previous  trial  was  made  with  acetic  acid,  the  results  of 
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which  indicated  decomposition  of  the  addition  product.  Had 
time  permitted  making  the  determination  with  the  purer  product 
in  Preparation  II,  obtained  later,  results  closer  to  the  calculated 
molecular  weight  than  could  have  been  expected.  The  fig^ures 
obtained  with  Preparation  I  were  as  follows,  in  which  iV= 
molecular  weight;  A'=  constant,  which  for  phenol  is  76;  ^  = 
grams  of  substance  ;  G  =  grams  of  solvent,  and  ^  =  depression. 

These  are  taken  in  the  formula  Af=  ioo,K.  -^-?=" 

No.  g.  G.  A                       M". 

1 0.4055  155  0.573^  346.8 

2 0.6898  15.5  1.083°  312.0 

3 0.2339  16.6  0/328°  '328.0 

4 0.3386  15.7  0.492°  332.8 

5 0.3852  24.8  0.340°  347.1 

6 0.6914  24.8  0.651°  326.0 

(C5H5N),C,H.Br, 359-15 

The  formula,  therefore,  appears  to  be 

This  determination  supports  the  formula  adopted  for  the  pyri- 
dine ethylenebromide  of  Davidson,  as  a  dipyridine  compound. 
Hofmann*  found  the  trimethylamine  ethylenebromide  to  have  the 
proportions  of  a  monammonium  compound,  (CH,),N.C,H^Br,, 
while,  singularly  enough,  Kleine  gives*  the  proportions  in  tri- 
methylamine trimethylenebromide  to  be  those  of  a  diammonium 

compound  ((CH.),NV.C,H,Br,. 

The  composition  of  these  four  related  dihalogen  addition  pro- 
ducts, the  aliphatic  base  and  the  aromatic  base  combinations 
respectively  with  substituted  ethane  and  propane,  may  be  com- 
pared as  follows : 
With  trimethylamine : 

The  ethane  derivative,    (CH,),N<^^«-^^«^^- 

Thepropanederivative,(CH.).N<gJ^--^^«-^^«>N(CH,),. 
With  pyridine: 

The  ethane  derivative,    C.H.N<^J^«-^g«>NC.H,. 

1 1858 :  Proc.  Roy.  Soc,  9,  293.  "Addition  of  nitrate  of  silver  precipiutes  only  one- 
half  of  the  bromine  as  bromide  of  silver,  while  even  by  protracted  ebullition  the 
ftecond  half  remained  untouched." 

2  Chem.  Centrbl.,  1894, 1.,  16. 
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The  propane  derivative,    C,H,N<g^«-^^»-^^;>NC,H. 

As  these  results  now  stand,  it  appears,  first,  that  pyridine  is 
more  reactive  for  addition  with  diprimary  halogen  groups  than 
is  trimethylamine  ;  second^  that  with  the  weaker  base  the  one 
primary  halogen  group  protects  the  other  from  addition  when 
both  these  groups  link  together,  not  when  they  are  separated  by 
a  CH,  group.  In  this  relation  it  may  be  noted  as  a  conclusion 
of  Bredig,*  that  in  nietameric  diamines,  the  bases  are  stronger, 
the  further  removed  are  the  amido  groups. 

We  have  studied  the  reaction  of  pyridine  upon  a  few  primary- 
secondary  dihalogen  substituted  hydrocarbons,  and  have  not 
obtained  addition  in  any  of  these  cases.  The  conditions  of  addi- 
tion were  digestion  in  sealed  tubes  at  8o°to*ioo°C.  Propylene 
bromide,  CH,.CHBr.CH,Br,  was  treated  in  several  operations, 
both  w^ith  di-pyridine  proportions  and  with  mono-pyridine  pro- 
portions, with  the  result  of  various  products,  but  without  an 
addition  product.  Pyridine  hydrobromide  was  at  all  events 
obtained.  Again,  with  ethylidine  chloride  no  addition  was 
obtained.  Other  conditions,  however,  will  be  brought  to  bear 
upon  this  class  of  pyridine  additions,  in  work  now  in  hand  in 
this  laborator}'. 

AwK  Arbor,  Michigan. 


A  PROPOSED  SCHEDULE  OF  ALLOWABLE  DIFFERENCE 

AND  OF  PROBABLE  LIMITS  OF  ACCURACY  IN 

QUANTITATIVE  ANAYSE5  OF  HETAL- 

LURQICAL  MATERIALS.' 

By  E.  D.  Campbell. 

Received  October  i.  1893. 

WITHIN  the  past  twent}^  years,  metallurgical  practice  has 
grown  to  depend  more  and  more  upon  a  chemical 
knowledge  of  the  material  employed  in  the  various  operations. 
On  account  of  this  dependence  it  has  become  necessary  to  have 
accurate  as  well  as  rapid  methods  for  the  determination  of  the 
elements  which  take  an  active  part  in  the  different  processes. 
Many  methods  for  the  determination  of  the  various  elements 

1  Ijoc.  cU, 

*  Read  before  the  Chemical  Section  of  the  American  Association  for  the  Advance- 
ment of  Science.  Sept  a,  1895. 
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usually  met  with  in  metallurgical  work  have  been  proposed,  each 
having  its  own  claim  for  accuracy,  or  rapidity,  or  both,  but  as  will 
be  seen  from  the  efforts  of  the  International  Committee  on  the 
analysis  of  Iron  and  Steel,  wc  are  far  from  having  perfect  meth- 
ods for  metallurgical  analysis. 

There  are  many  sources  of  error  in  ordinary  quantitative 
determinations,  which,  while  they  can  be  partially  avoided,  can 
never  be  wholly  overcome.  Among  these  ma^'  be  mentioned 
such  errors  as  arise  from  solubility  of  precipitates,  solubility  of 
apparatus  in  which  operations  are  performed,  impurities  in 
chemicals,  inaccurate  graduation  of  volumetric  apparatus, 
unavoidable  error  in  accuracy  of  weighing,  and  last,  but  not 
least,  errors  due  to  what  may  be  termed  the  personal  equation, 
the  presence  or  absence  in  the  operator  of  that  manipulative 
skill  which  distingushes  an  expert  from  a  clumsy  worker. 
Since  we  cannot  expect  absolute  agreement  in  results  it  may  be 
asked  how  close  should  quantitative  determinations  agree. 
This  question  cannot  be  answered  by  a  single  figure  since  the 
unavoidable  errors  in  the  various  determinations  differ  according 
to  the  element  determined  and  the  method  used  in  the  analysis. 
Just  how  great  a  difference  between  determinations  should  be 
allowed  and  what  the  probable  limit  of  accuracy,  which  may  be 
hoped  for,  is  largely  a  matter  of  judgment  based  upon  the  exam- 
ination of  the  results  obtained  by  different  chemists,  known  to 
be  careful  operators,  working  upon  the  same  material. 

Basing  our  judgment  upon  the  usual  errors  of  analysis,  upon 
the  commercial  requirements  of  accuracy  and  upon  the  unavoid- 
able sources  of  error  we  would  propose  the  following  schedule  of 
allowable  differences  and  of  probable  limits  of  accuracy  for  dis- 
cussion in  the  section.  In  the  table  below  the  first  column 
shows  the  element  or  constituent  determined  ;  the  second,  a  for- 
mula for  calculating  the  difference  which  might  be  reasonably 
expected  between  the  results  of  two  chemists  working  upon  the 
same  material  and  the  third  column  shows  a  formula  for  calcu- 
lating the  probable  minimum  error  which  may  be  hoped  for. 
To  take  an  instance  :  suppose  chemist  A  reports  the  phosphorus 
in  a  specimen  of  steel,  as  0.076  per  cent,  then  by  the  formula  in 
the  table  we  might  expect  B  to  report  0.0761b  0.00352  per  cent., 
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and  from  the  third  column  we  could  not  hope  to  reduce  the 
error  to  less  than  0.00058  per  cent. 


Element  or  constituent. 

Iron  and  Steel, 

Graphitic  carbon 

f  Cast  iron 

( Combined  carbon 

Carbon  in  steel 

Silicon 

Sulphur 

Phosphorus 

r  Manganese  in 
\  cast  iron  and  steel 

^  Manganese  in 

i  spiegels,  ferro,  etc. 

Nickel 

Ores. 

Silica 

Alumina 

Ferric  oxide 

Iron 

Manganese 

Calcium  oxide 

Magnesia 

Phosphorus 

Phos.  pentoxide 

Combined  water 

Potassium  oxide 
Sodium  oxide 


Allowable  difference  of 
per  cent. 

±[0.050-f-(0.02XCg)] 

±[o.o5o-|-(o.o2XCc)] 

±[0.0I0-f(0.02XC)] 

±  [0.005+  (0-02  X  Si )  ] 
±[o.oo3-f(o.03XS)] 

±[0.002+(0.02XP)] 

±[o.oo5+(o.o4XMn)] 

±[0.050+ (0.004X  Mn)] 
±  [o.o5o+(o.o2  X  Ni )  ] 


Probable  limit  of 
accurac3'. 

±[o.0O5+(0.005XCg)] 

±[o.oo5+(o.oo5XCc)] 

±[o.oo2+(o.oo3XC)] 
±[o.oo2+(o.oo3XSi)] 
±[0.0005— (0.005XS)] 

±  [0.0002+(0.005  X  P)  ] 

±  [o.ooi  -I-  (0.005  X  Mn )  ] 

±[o.oo5+(o.ooiXMn)] 
±[o.co5+(o.oo5XNi)] 


{ 


±[o.o50+(o.oo6XSiO,)]    ±[o.oo5+(o.ooiXSiO,)] 
±  [o.o30+(o.oo3X  A1,0,)  ]  ±  [o.oo5-+-(o.ooi  X  AljO,)  ] 
± [o.o3O+(o.0O3 X  Fe^O, ) ]  ±  [o.oos+(o.ooi  X  Fe,0,) ] 
±  [  o.o2o+(  0.003  XFe)]       ±[0.004 +(0.001  xFe)] 
±  [o.050+(o.oo3  X  Mn  )  ]      ±  [o.oo5+(o.ooi  X  Mn  )  ] 
±  [o.050+(o.oo2+CaO) ]    ± [0.010+  (o.ooi X CaO) ] 
±[o.o50+(o.oioXMgO)]  ±[o.oo5+(o.oo2XMgO)3 

±[0.0O2+(O.O2XP)]  ±[0.0002+(0.005XP)] 

±[o.oo5+(o.o2XPa05)]      ±[o.ooo5+(o.oosxPtO,)] 
±[o.o5o+(o.ioXH,0)]      ±  [o.oio +(  o.ooi  XH,0)] 

±  [o.o5o+(o.o2oX  K,0) ]    ± [o.oo5+(o.oo5 X  K,0)  ] 


Sulphur  in  iron  ore  ±[o.oo5+(o.o30xS)] 
Sulphur  in  pyrite     ±[o.o5o+(o.oo4XS)] 

±[o.o50+(o.oo3X  Pb)] 
±[o.050+(o.oo3XZn)] 
±  [  0.030+ (0.003  X  Cu  )  ] 
±  [0.030+  (0.003  X  Ni )  ] 

±[o.o5o+(o.oioXAs)] 

±  [o.oio+(o.oioX  Sn )  ] 


Lead 
Zinc 
Copper 

Nickel 

f  Arsenic 
1  Antimony 

Tin 

Coal  and  Coke, 

Moisture 

Vol.  hydrocarbon 

Fixed  carbon 

Sulphur 

Ash 

Phosphorus 


±[0.001+ (0.003  XS)] 
±[0.005+0.0002X8)] 
±  [o.oo5+(o.ooo5X  Pb)  ] 
±  [o.oo5+(o.ooo5  X  Zn)  ] 
±[o.oo5+(o.ooiXCu)] 
±  [o.oo5+(o.ooi  X  Ni )  ] 

±[0.002+(O.OOIXA3)] 

±[o.oo5+(o.ooiXSn)] 


± [o.o5o+(o.o2oX  H,0 ) ]  ±  [o.oo5+(o.oo5 X  H,0) ] 

± [o.o50+( .oioX hydro) ]  ± [o.oio+(o.ooi  X hydro) 

±[o.05o+(o.oioXC)]  ±[o.oio+(o.ooiXC)] 

±[o.o20+(o.o3oXS;]  ±[o.oo5+(o.oo3XS)] 

X  [o.o5o+(o.oo5 X Ash) ]  ±  [o.oo5+(o.ooi  X Ash)  ] 

±  [0.002+(0.02  X  P)]  ±  [O.0002+(0.005  X  P)  ] 


[Contribution  prom  thb  John  Harrison  I^aboratory  op  Chbmistry,. 

No.  lo.] 
DERIVATIVES  OF  COLUMBIUM  AND  TANTALUM.' 

By  Mary  Bnolb  Femninotoiv. 

Received  November  09. 1(95. 

Among  the  more  metallic  members  of  Group  V  of  the  Periodic 
System  are  the  elements  columbium  and  tantalum,  which, 
though  almost  a  century  old  and  counting  among  their  devotees 
such  investigators  as  Rose,  Hermann,  Marignac,  Rammelsberg, 
and  others  of  equal  fame,  still  offer  many  interesting  problems 
to  the  student  of  inorganic  chemistry.  Comparatively  few  of 
the  compounds  of  these  elements  have  been  prepared.  Those 
which  have  been  studied  narrowly  enough  to  afford  an  accurate 
knowledge  of  their  chemical  behavior  form  a  much  shorter  list. 
The  early  literature  is,  in  many  instances,  very  contradictory, 
due  to  the  supposed  existence  of  such  elements  as  pelopium  and 
ilmenium,  engendering  as  they  did  the  fruitful  controversy 
between  Hermann  and  Marignac,  which  controversy  resulted  in 
the  tacit  'acceptance  by  the  chemical  world  of  Marignac's  state- 
ment, that  columbium  is  elementary.  The  old  doubt,  however, 
appears  to  have  been  revived  through  the  very  careful  work  of 
Kriiss  in  1887,  on  the  oxides  of  these  metals,  their  separation 
from  each  other  and  also  from  the  oxides  which  accompany  them 
in  their  apparent  minerals. 

He  found  through  the  fractional  crystallization  of  the  double 
fluoride  of  columbium  and  potassium,  and  by  determining  the 
atomic  value  of  the  various  fractions,  that  something  apparently 
conta:mnated  the  columbium.  In  some  fractions  the  values 
obtained  were  far  too  low.  This  he  accounted  for  by  proving 
the  presence  of  titanium.  Other  portions,  however,  were  much 
too  high,  and  this,  it  was  carefully  proved,  was  not  due  to 
adhering  tantalum.  Just  what  the  substance  was  which  gave  in 
one  fraction  an  R''  having  almost  double  the  accepted  atomic 
mass  was  left  undecided. 

A  careful  consideration  of  this  question  in  the  light  of  the 
various  researches,  makes  it  seem  not  improbable  that  the  com- 
pounds of  columbium,  as  we  know  them,  are  not  perfectly  free 

1  Prom  the  author's  thesis  presented  to  the  University  of  Pennsylvania  for  the  de- 
gree of  Ph.D.,  X895. 
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from  contaminating  substances.  The  many  difficulties  encoun- 
tered in  the  separation  of  this  oxide  from  others  usually  occur- 
ring with  it,  and  the  insufficiency  of  the  prevailing  methods  of 
separation,  seem  to  demand  a  more  exact  knowledge  of  the 
behavior  of  the  element  in  the  purest  condition  obtainable,  and 
also  when  mixed  with  the  oxides  of  tantalum  and  titanium  which 
usually  adhere  to  it. 

It  was  with  the  hope  that  some  additional  light  might  be 
thrown  upon  the  general  deportment  of  the  derivatives  of  these 
elements  that  this  research  was  undertaken. 

The  material  used  was  obtained  from  a  columbite  from  Wake- 
field, N.  H.  An  abundant  supply  of  the  mineral  was  secured 
through  the  kindness  of  Professor  S.  P.  Sharpies,  of  Boston,  in 
whose  possession  it  had  been  for  some  years  though  it  had  never 
been  analyzed.  Wakefield  is  a  new  locality  for  columbite. 
The  deposit  was  discovered  while  mining  for  feldspar.  Near 
the  columbite  is  quite  a  deposit  of  beryl. 

ANALYSIS  OP  WAKEFIELD  COLUMBITE. 

The  mineral  occurs  in  large,  black,  lusterless  masses.  Scat- 
tered over  the  surface  are  little  patches  of  a  bright  yellow  sub- 
stance. These  proved  to  be  uran-ochre  and  gave  evidence  of 
the  presence  of  the  uranium  which  was  later  found  in  the  min- 
eral. Feldspar  occasionally  penetrated  the  mass,  though  in 
small  [quantity.  The  specific  gravity  of  picked  material  was 
found  to  be  5.662  at  4"  C. 

Decomposition  was  effected  by  the  method  usually  employed 
for  this  class  of  minerals. 

Fusion  with  Acid  Potassium  Sulphate. — The  finely  divided 
mineral  was  allowed  to  stand  over  calcium  chloride  for  some 
hours.  The  desired  amount  of  this  dry,  and  almost  impalpable, 
powder  was  weighed  ofi  and  mixed  with  at  least  nine  times  its 
weight  of  fused  potassium  bisulphate.  This  must  be  an  inti- 
mate mixture.  Great  care  should  be  exercised  when  the  heat 
\s  first  applied,  else  loss  by  spattering  will  occur.  Frequent 
stirring  tends  to  prevent  this,  and  also  hastens  the  decompo- 
sition. 

Some  trouble  was  experienced  by  the  fusion  **  climbing  *'  and 
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leaving  far  up  on  the  sides  of  the  crucible  particles  of  mineral 
which  could  neither  be  driven  down  by  heat  or  forced  down  by 
a  platinum  rod.  To  collect  these  particles  the  crucible  contain- 
ing the  clear,  quiet  fusion  was  slightly  tilted  and  the  adhering 
portions  covered  with  a  little  bisulphate.  Then  by  gently  heat- 
ing the  whole  mass  was  driven  down  until  it  met  the  main  por- 
tion of  the  fusion.  All  decompositions  by  this  method  were 
made  in  a  large  platinum  crucible  or  platinum  dish.  The  latter 
was  preferred.  If  the  mineral  is  fine  enough  the  fusion  is  com- 
plete in  about  five  hours. 

The  fused  mass  was  taken  up  in  a  large  quantity  of  water, 
and  boiled  out  with  water  several  times.  The  insoluble  portion 
consisted  of  the  oxides  of  columbium,  tantalum,  titanium,  tin, 
tungsten,  and  any  silica  which  was  present.  Small  quantities 
of  these  oxides  invariably  remained  dissolved  although  the  solu- 
tion was  boiled  for  a  long  time  ;  it  is,  therefore,  advisable  to  let 
the  filtrate  stand  twenty-four  hours,  then  refilter. 

The  moist  oxides,  according  to  Headden,*  should  **be 
digested  with  yellow  ammonium  sulphide  *'  to  remove  all  tin, 
tungsten,  etc.  Rose  recon^mends  that  yellow  ammonium  sul- 
phide should  be  simply  poured  over  them,  and  that  this  solution 
should  be  evaporated  to  dryness,  and  gently  ignited,  to  render 
the  columbium  and  tantalum  oxides  which  have  been  dissolved 
by  the  alkali,  insoluble.  Wohler*  claims  that  it  is  sufficient  to 
treat  the  metallic  oxides  upon  the  filter  with  yellow  ammonium 
sulphide.  As  some  uncertainty  existed  as  to  the  best  course  to 
pursue,  the  effect  of  ammonium  sulphide  when  mixed  with  these 
oxides  for  a  longer  or  shorter  period  of  time  was  studied. 

Heating  in  a  porcelain  dish  on  the  water-bath  for  three  hours 
gave  1. 1 5  per  cent,  of  the  mixed  oxides ;  one  and  one-half  days, 
1.60  per  cent.  ;  three  days,  1.85  percent.  ;  one  week,  2.24  per 
cent.  By  pouring  the  sulphide  over  the  oxides  on  the  filter,  as 
Rose  and  Wohler  advise,  0.24  per  cent,  of  the  mixed  oxides  was 
obtained. 

Apparently,  the  moist  metallic  oxides  are  more  readily  dis- 
solved by  ammonium  sulphide  than  is  generally  supposed,  and, 

1  Am.  J.  Sci.,  41,  91,  189/. 
*  Mineral  Analyze,  p.  140. 
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therefore,  when  working  with  columbites  containing  the  acid 
oxides  care  must  be  taken,  or  a  very  appreciable  error  may 
result. 

The  ammonium  sulphide  solution  was  precipitated  by  dilute 
hydrochloric  acid,  and  the  precipitate  was  filtered,  and  washed 
with  hydrogen  sulphide  water,  alcohol,  ether,  carbon  disulphide 
and  ether.  The  mixed  sulphides  were  carefully  heated  in  the 
air,  then  reduced  in  a  current  of  hydrogen  gas.  The  residue 
treated  with  dilute  hydrochloric  acid  gave  tin  in  solution  and 
left  undissolved  a  small  quantity  of  a  black  compound  which 
proved  to  be  the  tetroxide,  Cb,0^,  with  possibly  a  little  tanta- 
lum. 

The  moist  oxides  when  treated  with  ammonium  sulphide  have 
not  only  the  acids  removed,  but  the  iron  contained  in 
them  is  changed  to  sulphide.  This  is  dissolved  out  by  dilute 
sulphuric  acid.  Filter  off  the  oxides  and  wash  them  thoroughly 
with  boiling  water.  A  pump  is  usually  necessary  because  of  the 
precipitate  being  finely  divided,  and  having  a  tendency  to  clog 
the  pores  of  the  filter.  By  this  treatment  the  oxides  should  be 
entirely  freed  from  iron  and  manganese.  Nevertheless  ignition 
gave  a  powder  having  a  distinct  pinkish  yellow  hue,  showing 
the  presence  of  these  elements.  The  oxides  were,  therefore, 
re-fused  with  potassium  bisulphate  and  treated  as  before.  The 
second  fusion  gave  a  product  lighter  in  color,  yet  not  perfectly 
white.  Another  fusion  was  resorted  to,  and  no  loss  in  weight 
was  observed,  as  a  small  amount  of  iron  still  adhered  to  the 
oxides.  In  fact,  a  perfectly  white  mixture  of  the  oxides  has  not 
been  obtained  by  this  method. 

The  sulphuric  acid  solution  of  the  iron  which  remained  with 
the  insoluble  oxides,  was  added  to  the  aqueous  extraction  of  the 
fusion.  This  solution  now  contained  iron,  manganese, 
uranium,  and  calcium,  with  a  large  excess  of  sulphuric  acid  and 
alkali  salt.  Yttrium,  cerium,  and  calcium  were  looked  for 
according  to  the  plan  presented  in  Rose's  Handbuch  der  aualy- 
tischen  Chemie,  2»  335,  which  is,  in  brief,  this :  The  greater 
part  of  the  free  acid  is  neutralized  w^ith  sodium  carbonate  ; 
sodium  acetate  is  added,  so  that  acetic  acid  is  in  large  excess. 
The  earths  are  precipitated  by  ammonium  oxalate,  the  precipi- 
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tate  being  allowed  to  stand  twenty-four  hours.  From  three 
grams  of  mineral  only  a  very  small  amount  was  obtained.  This 
was  too  small  a  quantity  to  investigate  further,  so  that  if  any 
rare  earths  are  present  in  the  mineral  they  exist  in  traces. 

To  the  filtrate  which  contained  iron,  manganese  and  uranium 
were  added  ammonium  sulphide  and  ammonium  carbonate. 
The  iron  and  manganese  were  precipitated  as  sulphides,  while 
uranium  was  held  back  by  the  ammonium  carbonate.  Beryl- 
lium, if  present,  would  have  been  found  here.  This  element 
was  sought  for,  since  the  locality  from  which  the  mineral  came 
made  it  a  probable  constituent,  but  none  was  detected.  The 
sulphides  having  been  filtered  out,  the  filtrate  was  made  acid 
with  hydrochloric  acid,  the  carbon  dioxide  boiled  off,  then  the 
uranium  precipitated  by  ammonium  hydroxide.  The  uranium 
hydrate  was  filtered,  washed,  ignited,  and  weighed  as  U,0« 
The  sulphides  of  iron  and  manganese  were  dissolved  off  the  fil- 
ter in  hydrochloric  acid,  oxidized,  and  separated  by  the  basic 
acetate  method,  the  manganese  being  finally  weighed  as  manga- 
nese pyrophosphate. 

The  water  contained  in  this  columbite  was  determined  by 
heating  in  a  boat  in  a  glass  tube,  and  collecting  the  aqueous 
vapor  in  a  weighed  calcium  chloride  U  tube. 

In  the  literature  relating  to  columbites  and  allied  minerals, 
while  a  ferrous  content  is  given,  the  method  by  which  it  was 
determined  is  omitted.  Perhaps  this  is  due  to  the  fact  that  the 
customary  decomposition  with  sulphuric  acid  in  a  sealed  tube 
naturally  suggests  itself,  yet  in  applying  this  course  to  the 
columbite  under  examination  unexpected  difficulties  were 
encountered.     The  experience  is  at  least  interesting. 

The  mineral  was  ground  very  fine  and  heated  in  sealed  tubes 
with  sulphuric  acid  (one  part  of  concentrated  acid  to  two  parts 
water) ,  the  resulting  decomposition  being  titrated  with  perman- 
ganate with  the  following  results  : 

Per  cent.  FeO. 

0.5  gram  heated  one  day  at  210^  C 1.316 

0.5  gram  heated  two  days  at  230^  C » 1.416 

0.5  gram  heated  five  days  at  230°  C 5.50 

It  seemed  probable  that  this  was  not  the  total  amount  of  fer- 


COLUMBIUM  AND  TANTALUM.  43 

tons  iron  in  the  columbite,  hence  attention  was  directed  to  an 
old  method  which  is  rarely  used,  yet  seems  to  be  worthy  of 
greater  attention  than  has  been  given  it.  Berzelius  first  sug- 
gested the  method,  though  it  is  generally  credited  to  Hermann. 
The  finely  ground  mineral  is  mixed  with  fused  and  finely  divided 
borax.  A  small  platinum  crucible  is  completely  filled  with  this 
mixture,  then  covered  with  a  platinum  lid.  and  the  whole  placed 
in  a  larger  platinum  crucible.  Dry  magnesium  oxide  is  packed 
around  and  over  the  inner  crucible  until  it  is  completely  covered 
and  so  excluded  from  air  contact.  The  heat  of  a  good  Bunsen 
lamp  is  applied  for  one-half  hour,  when  the  decomposition  is 
complete.  Longer  heating,  or  too  rapid  cooling,  causes  the 
fusion  to  adhere  very  tightly  to  the  crucible,  and  loss  may  result 
on  endeavoring  to  remove  it.  When  the  whole  is  quite  cold,  the 
small  crucible  is  taken  out,  freed  from  adhering  magnesium 
oxide,  and  weighed.  The  fusion,  which  is  a  clear  green  glass, 
is  then  freed  from  the  crucible  by  sharply  tapping  ;  a  piece  may 
be  broken  off,  weighed,  ground  in  a  mortar,  dissolved  iti 
water  and  sulphuric  acid,  and  titrated  with  potassium  perman- 
ganate. Or,  if  the  amount  of  ferrous  iron  is  not  large,  it  is  bet- 
ter to  crush  the  whole  fusion  in  a  diamond  mortar,  then  place  in  a 
flask  provided  with  a  Bunsen  valve,  dissolve  in  water  and  sul- 
phuric acid,  and  titrate.  To  prevent  the  oxidation  of  the  iron 
daring  its  solution,  a  quantity  of -sodium  carbonate  was  placed 
in  the  flask  with  the  ground  fusion,  and  the  water  and  sulphuric 
acid  added  carefully  to  this  mixture.  When  a  strong  evolution 
of  carbon  dioxide  had  continued  for  several  minutes,  the  cork 
carrying  the  Bunsen  valve  was  quickly  inserted,  and  the  flask 
put  aside  until  solution  had  taken  place.  It  is  necessary  to 
shake  the  flask  from  time  to  time,  otherwise  the  finely  divided 
oxides  which  separate  will  enclose  some  particles  of  the  fusion, 
and  the  result  will  be  low.  In  oue  or  two  hours  the  insoluble 
residue  should  be  a  perfectly  white,  fine,  homogeneous  mass. 
The  flask  is  then  opened,  more  sulphuric  acid  added  if  neces- 
sary, and  the  iron  titrated  with  permanganate.  A  number  of 
fusions  were  made  according  to  this  method,  the  amount  of  fer- 
rous oxide  found  being  6.426  per  cent.  The  method  seems  to 
be,  so  far  as  columbite  is  concerned,  perfectly  trustworthy.     It 
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is  rapid,  and  the  manipulation  is  not  difficult.  The  oxides 
which  separated  out  were  perfectly  white.  In  one  experiment 
they  were  filtered  oflf,  washed  with  hot  water,  ignited,  and 
weighed.  The  percentage  of  mixed  oxides,  77.94  P^^  cent., 
agrees  quite  well  with  that  obtained  by  the  bisulphate  method. 

The  quantitative  analysis  of  this  columbite  by  fusing  with. 
bisulphate,  as  above  described,  gave  the  following  results  : 

A.  B.  c.  D.  K. 

Ta,Oj  ) 

CbjOj  y 78.61        79.04        79-00        77-9^        7^-70 

TiO,    J 

Fe,0, 12.30        13.83        13.62        13.58  .-•• 

^Q«}  1.15  1.60  1.85  2.24  1.84 

MnO 8.96         8.32  8.08 


•   •  a 


•  ■   .  • 


101.02      102.79  ....       100.86 

One-half  gram  of  material  was  used  in  each  case.  The  ferric 
oxide,  as  given  above,  includes  the  ferrous,  which,  estimated  by 
the  method  of  Berzelius,  equals  6.42  per  cent. 

In  a  sixth  analysis  three  grams  of  material  were  taken,  and 
due  attention  was  paid  to  those  constituents  which  former  analy- 
ses had  shown  to  be  present,  but  in  such  small  quantities  that 
their  determination  was  not  trustworthy.  The  results  in  this 
case  were : 

Per  c«nt. 
T%05) 

cbAr 78.04 


TiOi 

WOs  \ 

SnO,/ 0-24 

UsOg 0.48 

^^i^s 5.22 

FeO 6.42 

CaO 0.02 

MnO 8.96 

^«0 1.22 

'Total 100.60 

An  interesting  point  in  the  composition  of  this  columbite  is 
the  ferric  oxide.  Hermann  records  one  analysis  of  some  frag- 
ments of  a  columbite  from  Miask  containing  several  per  cent,  of 
it,  and  so  far  as  I  am  aware  this  is  the  only  columbite  in  which 
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this  constituent  is  mentioned.  He  also  gives  a  Miask  colunibite 
containing  0.50  per  cent,  of  uranium  oxide.  Genth  mentions  a 
trace  of  uranium  in  a  columbite  analyzed  by  him. 

While  no  effort  was  made  to  separate  the  metallic  oxides 
quantitatively,  it  was  found  from  the  preparation  of  pure  material 
that  the  columbium  was  in  decided  excess.  Titanic  acid  was 
proved  to  be  present,  and  silica  was  found  in  very  small  quanti- 
ties. 

Many  of  the  recorded  analyses  in  which  separations  of  colum- 
bic  and  tantalic  oxides  are  given,  fail  to  state  whether  an}' 
attempt  had  been  made  to  eliminate  or  to  prove  the  presence  of 
titanium  or  silica.  Given  a  mixture  of  tantalum,  columbium, 
and  titanium,  the  analyst  will  have  no  difficulty  in  separating 
tantalum  from  columbium  by  Marignac's*double  fluoride  method. 
But  the  titanium  double  fluoride,  when  mixed  with  the  colum- 
bium salt,  shows  an  abnormal  solubility  which  makes  its  sepa- 
ration very  doubtful.  This  point  will  be  more  fully  discussed 
later. 

Fusioft  with  Sodium  Thiosulphate , — It  occurred  to  me  to  try 
the  decomposition  of  the  mineral  by  fusion  with  sodium  thio- 
sulphate,  believing  that  in  this  way  tungsten  and  tin  would  be 
converted  into  sulpho  salts,  and  could  then  be  more  effectually 
removed  from  the  other  constituents.  Without  entering  into 
detail,  I  may  say  the  attempt  was  fruitless. 

Decomposition  by  the  Gibbs  Method, — Some  years  ago  Dr. 
Gibbs  published  a  procedure*  for  the  decomposition  of  the 
columbite  minerals ;  and  as  my  desire  was  to.  investigate  the 
different  methods  of  decomposition,  I  naturally  turned  to  this 
suggestion.  In  mineral  literature  this  course  is  given  a  second 
place  tp  the  bisulphate  decomposition.  My  own  experience 
compels  me  to  prefer  it  to  the  latter  method.  The  details  of  the 
Gibbs  method  are,  in  brief,  as  follows  : 

The  mineral  must  be  fine,  yet  need  not  be  in  an  impalpable 
powder,  as  is  necessary  in  the  bisulphate  decomposition.  It  was 
intimately  mixed,  by  grinding  in  a  mortar,  with  three  times  its 
weight  of  potassium  fluoride ;  the  mixture  was  transferred  to  a 
platinum  crucible   and   made  into  a  paste  with  concentrated 

^Am./.  Set.  A rts. ,  37, 357.    1864. 
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h5-drofluoric  acid.  The  mass  heated  up  at  once,  and  for  some 
minutes  the  decomposition  proceeded  without  the  application  of 
heat.  It  was  found  advantageous  to  let  this  mixture  of  acid  salt 
and  mineral  stand  for  several  hours,  stirring  occasionally,  and 
adding  more  acid  if  the  mass  became  hard.  It  was  then  heated 
on  a  water-bath  until  the  excess  of  acid  was  driven  off.  After 
thoroughly  drying  on  an  iron  plate,  the  free  flame  was  applied. 
Hydrofluoric  acid  was  driven  out  of  the  acid  potassium  fluoride, 
and  at  length  the  whole  mass  fused  and  formed  a  clear,  quiet, 
easily  handled  fusion,  which,  upon  cooling,  became  a  beautiful 
pink-violet  in  color. 

The  decomposition  is  not  complete  until  every  part  of  the 
mixture  has  assumed  this  color,  which  does  not  change  on 
further  heating.  In  the  early  part  of  the  fusion  a  deep  blue 
color  appears.  If  the  action  be  interrupted  at  this  point,  an 
incomplete  decomposition  will  result. 

The  violet  mass  was  taken  up  with  water  and  hydrofluoric 
acid  in  a  platinum  dish,  then  boiled  and  filtered.  This  extrac- 
tion should  be  repeated  several  times.  If  the  decomposition  is 
not  quantitative,  the  solution  in  water  is  much  hastened  by 
first  grinding  the  fusion.  Any  silica  which  may  have  been 
present  in  the  mineral  will  remain  as  potassium  silicofluoride. 
This  being  a  gelatinous  compound,  it  is  likely  to  enclose  fine 
particles  of  the  fusion  and  prevent  their  solution.  If  the  amount 
of  silica  is  not  large,  a  separation  may  usually  be  effected  by 
treating  with  concentrated  hydrofluoric  acid  ;  but  if  much  silica 
be  present  it  is  safer  to  evaporate  to  dryness  with  a  little  sul- 
phuric acid,  and  take  up  the  remaining  potassium  sulphate  with 
water.  If  any  insoluble  substance  is  left  it  may  be  dissolved  in 
hydrofluoric  acid  and  added  to  the  main  portion  of  the  solution. 

If  an  analysis  of  the  mineral  is  desired,  hydrogen  sulphide 
gas  may  now  be  passed  through  the  acid  filtrate,  whereby  any 
tin,  tungsten,  or  molybdenum  present  will  be  precipitated  as 
sulphide.     Filter,  and  separate  as  usual. 

The  filtrate  was  evaporated  to  dryness,  and  enough  sulphuric 
acid  added  to  expel  all  the  hydrofluoric  acid.  The  excess  of 
acid  was  driven  off  on  an  iron  plate,  not  over  a  free  flame,  and 
the  oxides  of  columbium,  tantalum,   and  titanium  precipitated 
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by  boiling  with  a  4arge  quantity  of  water.  The  boiling  must  be 
continued  for  several  hours  to  insure  a  complete  precipitation, 
but  it  is  not  so  difficult  to  bring  down  the  metallic  oxides  under 
these  conditions  as  in  the  bisulphate  decomposition.  Filter,  and 
wash  the  oxides  with  hot  water,  first  by  decantation,  then  on 
the  filter.  The  ignition  of  the  oxides  gave  a  perfectly  white,  fine 
powder ;  and  this  fused  with  sodium  carbonate  or  potassium 
fluoride  yielded  a  colorless  mass  when  cold.  The  oxides 
obtained  from  the  bisulphate  never  did  so,  but  formed  wnth  the 
carbonate  a  tinge  of  green,  and  with  the  fluoride  a  tinge  of  pink, 
showing  the  presence  of  manganese  and  probably  of  iron. 

The  filtrate  from  the  mixed  oxides  contained  iron,  nianga- 
nese,  and  uranium.  These  were  separated  by  ammonium  sul- 
phide and  ammonium  carbonate,  following  the  plan  given  under 
the  bisulphate  method. 

When  the  object  is  simply  the  extraction  of  pure  mixed 
oxides,  the  above  procedure  may  be  somewhat  varied.  The 
fusion  is  made  just  as  usual,  then  taken  up  with  water  insuffi- 
cient for  perfect  solution,  and  a  small  quantity  of  hydrofluoric 
acid,  boiled,  and  filtered.  On  cooling,  the  filtrate  will  be  found  to 
be  an  almost  solid  mass  of  the  columbium  double  fluoride, 
2KF.CbOF,.H,0,  which  separates  as  a  beautiful  shining  salt 
and  consists  of  thin  laminae.  At  first  the  tantalum  double 
fluoride  remains  undissolved,  or  is  dissolved  only  in  small  quan- 
tity, as  it  is  a  ver>'  insoluble  salt  compared  with  the  columbium 
compound,  but  if  too  much  hydrofluoric  acid  is  added  the  tanta- 
lum will  be  discovered  with  the  columbium  potassium  fluoride, 
and  larger  amounts  of  iron  and  manganese  will  also  contaminate 
it.  From  a  very  concentrated  solution  of  the  columbium  double 
fluoride,  such  as  would  be  obtained  by  this  method,  any  tanta- 
lum double  fluoride  will,  if  present,  separate  almost  immediately. 
These  needles  should  be  examined  under  a  microscope  for  the 
thin  transparent  plates  of  the  columbium  salt.  When  these 
begin  to  appear,  filter  at  once  and  use  a  pump.  The  plates  are 
a  good  indication  that  all  tantalum  is  separated.  The  filtrate, 
on  standing,  will  usually  give  the  columbium  salt,  but  it  may 
have  to  be  concentrated  a  little.  The  first  crop  of  crystals  may 
be  colored  pink  by  manganese  or  iron.     Recr\-stallization,  how- 
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ever,  removes  this.  The  next  crop  is  fairly  pure.  When  work- 
ing with  large  quantities,  a  very  satisfactory  approximate  sepa- 
ration of  columbiuni  from  tantalum  may  be  obtained  by  this 
method  of  extraction. 

As  boiling  with  pure  water,  or  even  with  water  containing  a 
small  amount  of  hydrofluoric  acid  decomposes  the  tantalum 
potassium  fluoride  and  leaves  an  insoluble  compound, 

2(2KF.TaF,)Ta,0., 
while  the  columbiuni  double  salt  is  practically  unaffected,  this 
treatment  leaves  us  in  the  end  a  white,  finely  divided  mass, 
which  is  almost  free  from  columbiuni.  By  heatirig  this  residue 
on  a  water-bath  with  a  rather  concentrated  solution  of  hydro- 
fluoric  acid  and  a  little  potassium  fluoride,  the  tantalum  potas- 
sium fluoride  is  obtained  and  may  be  purified  by  recrj'stalliza- 
tion. 

The  Gibbs  method  was  used  for  the  preparation  of  rather 
large  quantities  of  tantalum  and  columbium  potassium  fluorides. 
I  think  it  preferable  to  the  bisulphate  decomposition  and  subse- 
quent solution  of  the  oxides  in  hydrofluoric  acid,  in  that  it  does 
not  consume  so  much  time,  and  iron  and  manganese  are  more 
readily  eliminated.  The  only  objection  is  that  large  platinum 
vessels  are  needed  ;  as  a  substitute  for  these,  rubber  beakers  and 
funnels  were  sometimes  used. 

The  method  finally  adopted  is  as  follows  : 

Separation  of  Columbium  a7id  Tantalum  by  their  Potassium 
Double  Fluorides. — The  pure  mixed  oxides  were  placed  in  a 
platinum  crucible  with  three  times  their  weight  of  potassium 
fluoride,  then  moistened  with  hydrofluoric  acid  as  described 
under  the  decomposition  of  the  mineral  by  the  Gibbs  method. 
By  treating  the  fusion  with  water  and  hydrofluoric  acid  an 
almost  perfect  solution  was  obtained  since  only  a  trace  of  silica 
was  present.  Concentration  gave  the  long  pointed  needles  of 
tantalum  potassium  fluoride,  2KF.TaF,.  These  were  filtered 
and  the  solution  again  concentrated.  The  crystal  crop  should 
be  examined  under  the  microscope  as  it  may  be  a  mixture  of 
tantalum  and  columbium.     Usually  it  is  only  tantalum. 

If  a  considerable  excess  of  hydrofluoric  acid  and  potassium 
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fluoride  is  present  in  the  mother-liquor,  the  next  crop  of  crj-stals 
may  be  a  complex  mass  about  which  the  anahst  can  come  to  no 
definite  conclusion.  The  fraction  consists  principally  of  long 
crjstals  much  like  the  titanium  double  fluoride,  and  to  make  the 
matter  more  puzzling  these  cr3stals  are  not  so  soluble  as  those 
separating  at  the  same  time.  They  may  be  obtained  pure  by 
treating  the  mixture  with  a  few  drops  of  water  and  quickly  fil- 
tering. Recrystallization  from  pure  water  gives  the  laminated 
salt  2KF.CbOF5.H,0.  If  the  acid  and  potassium  fluoride  are 
not  in  large  excess,  usuall}*  two,  and  sometimes  three,  crops  of 
the  laminated  salt  are  formed,  but  in  time  the  long  needles  are 
almost  sure  to  make  their  appearance.  These  needles  were 
tested  for  titanium,  but  no  satisfactory  evidence  of  its  presence 

\Tas  obtained. 

When  the  solution  is  very  concentrated  large,  thin  plates  sepa- 
rate from  it.  These  do  not  give  the  reaction  with  gallotannic 
acid,  but  they  react  with  zinc,  hydrochloric  acid,  and  potassium 
thiocyanate.  This  test  for  columbium  compounds  will  be 
noticed  later.  Recrystallization  does  not  give  the  laminated  salt. 
The  cr>'stals  are  always  found,  and  are  bj*  no  means  in  small 
quantity.  With  zinc  and  hydrochloric  acid  they  give  a  greenish 
color  which  quickly  becomes  brown.  They  were  repeatedly 
recr)-stallized,  then  decompo.sed  with  sulphuric  acid.  The 
oxide  obtained  was  white  and  at  19**  C.  had  a  specific  gravity  of 

4-57- 
The  oxide  was  placed  in  a  platinum  retort  connected  with  a 

platinum  condenser  ;  hydrofluoric  acid  was  poured  over  it  and  a 
free  flame  was  applied.  The  volatile  products  were  collected  in 
water  in  a  platinum  dish.  Several  evaporations  were  necessary 
tor  the  volatilization  of  this  oxide.  The  solution  in  the  dish  was 
then  treated  with  a  small  quantity  of  potassium  fluoride  and 
concentrated.  The  same  large,  thin  plates  crystallized  out. 
These  crystals  were  ver>-  beautiful,  jbeing  frequently  over  an 
inch  in  length  and  one-half  inch  in  width.  They  were  so  trans- 
parent that  often  their  presence  in  the  dish  was  altogether 
unnoticed. 
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ANAX.TSI5. 


0.5000  0.5268  0-0PS9 

This  analysis  woald  indicate  that  the  salt  is  probably  acid 
potassinm  flnoride  with  a  small  quantity  of  the  doable  flnoride 
of  colnmbium,  yet  it  most  not  be  forgotten  that  the  reactions 
given  above  cannot  be  regarded  as  conclusive  evidence  of  the 
presence  of  colambiam. 

Because  of  the  brown  color  with  zinc  and  hydrochloric  acid 
these  crystals  were  also  tested  for  titanium.  Its  presence  could 
not  be  detected. 

QUAXlTATn-K  REACTIOXS. 

Throughout  this  investigation  the  following  questions  con- 
stantly arose  :  How  shall  the  purity-  of  the  columbium  and  tan- 
taluTn  compounds  be  determined  ?  When  is  columbium  free 
from  tantalum  ?     \l1ien  is  it  tree  froQ  titanium  ? 

la  the  earlier  work  upon  columbium  we  find  Hermaiin  describ- 
ing a  new  element  which  he  obcaiaed  from  the  mother  liquors  of 
the  columbium  potassium  fiuoride.  This  element,  he  states, 
gr^ve  a  dark  brown  solutioa  whea  reduced  with  zinc  and  hydro- 
chloric acid,  while  the  p:ire  cclumbinm  comrocad  gave  a  blue 
cclrr.  Bcvh  these  sc::itioas  en  standing  ia  the  air  rererted  to 
the  white  hTdrate.  Mari^tiic  rer^lieti  that  the  brown  color 
Wis  30C  dne  to  ilzseninm  bn:  r;?  titaainm.  a  view  which  is  now 
geoerally  accerced, 

He  alio  d^icLires  that  a  br?wa  ccZor  is  rnxi^xxd  when  the 
rvcj^jsiuzi   cclnmbinz:   cxyr-cnie   is  treated   with    zinc    and 


hyirvch\-nc  ici.  the  ac:i  being  in  cczstierarie  excess.  Then 
by  r-tritinc  ti  :th  perzi^nirini^e  he  5cnnd  that  att  i=itet  ineiliate 
.-jl:.1^  hii  >«n  -rn^d   tc  which  he  civt-  the  ?rr=:nla  Cb,0^, 

Cr^^i^s  -:  :>e  jcl^inb:^:^  suilt  rr^Tor^i  as  -descrT: 
o.cVT-^id  t-  i  c^  th:>  br-«n  sclzr^.n  ev^n  arter  thiey  h: 
^^  -^cToi  t."  £.«  .V  >;x  r^-t-.^i?.  :i:t.rr::>.  ^rLlcwm^  the  plan 
cc  K-zs>  1  d  N  .^n  iii  it.  r  -c  vil --  -:  -/-,-  rxi»5e  cccrtaiaed  in 
^^i-c::  c->iCi.>  >i>  i-rem  ->;fd  bv  .i^o.—TOiv-:^  w.^  s?r2phnric 
*v  -    *-  >-    -3.  — -  ->i   *^  \.  «w^  irv«  ._-  ',^  cxK>c^rt  <w-r*i^xte,  then 


COLUMBIUM   AND   TANTALUM.  5 1 

by  the  ratio  2  K,  SO^ :  Cb,Oj  determining  the  value  for  Cb^. 
Thiswas  found  to  be  85.7.  Iron  and  manganese  had  been  elimi- 
nated, titanium,  therefore,  was  the  probable  cause  of  this  low 
atomic  value.  The  salt  used  was  perfectly  white,  yielding  a 
pure  white  oxide.  This  oxide  was  tested  for  titanium  by  the 
most  delicate  reactions  known  for  the  metal,  but  its  presence 
could  not  be  proved  by  any  of  them. 

/.  Color  and  Reduction  Reactions,  It  has  been  found  that  the 
qualitative  tests  given  in  the  various  text-books  for  these  three 
elements  do  not  always  hold  good  when  the  solution  used  is  a 
double  fluoride.  As  it  is  in  this  form  that  the  separations  are 
usually  made,  it  has  been  thought  advisable  to  note  the  action 
of  some  of  the  common  reagents  on  these  salts. 

Gallotannic  acid,  which  is  considered  the  mofet  characteristic 
test  for  columbium  salts,  behaves  differently  with  different  double 
fluorides.  An  acid  solution  of  the  laminated  salt  gives  almost 
instantly,  a  deep,  brick-red  precipitate.  The  salt  crystallizing 
in  long  needles  gives  a  lighter  red  precipitate  which  does  not 
separate  so  rapidly.  The  large,  thin,  transparent  plates  previ- 
ously mentioned,  give  only  a  slight  precipitate,  and  this  is  yel- 
low in  color.  These  reactions  are  most  delicate  if  the  salt  be 
dissolved  in  water,  a  drop  of  hydrochloric  acid  added,  then  a 
little  gallotannic  acid  dissolved  in  alcohol.  After  standing  several 
hours  all  the  precipitates  assume  the  same  color — a  dark, 
brick  red. 

Tantalum  double  fluoride  gives  a  sulphur  yellow  color  with 
gallotannic  acid.  This,  however,  on  standing  becomes  brick 
red,  as  the  columbium  does. 

Titanium  compounds  are  said  to  give  a  brownish  color  with 
gallotannic  acid  which  changes  quickly  to  an  orange  red.  The 
potassium  titanium  fluoride  gave  a  straw  yellow  color  with  this 
reagent ;  in  time  a  flaky  precipitate  forms,  but  the  color  does 
not  materially  alter. 

The  following  color  reaction  serves  for  the  detection  of  very 
small  quantities  of  columbium,  and  is  applicable  to  any  soluble 
columbium  compound.  An  excess  of  potassium  thiocyanate 
is  added  to  a  small  quantity  of  the  dissolved  substance  ;  then 
some  pieces  of  zinc  followed  by  strong  hydrochloric  acid.     At 
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once  the  solution  becomes  a  bright  golden  brown,  which  if  much 
columbium  be  present  may  be  almost  red.  A  brisk  and  contin- 
ued evolution  of  the  gas  docs  not  alter  this  tint  which  is  also 
stable  for  more  than  twenty-four  hours  in  the  acid  solution. 
Neither  titanium  nor  tantalum  give  any  reaction  with  potassium 
thiocyanate  under  the  above  conditions. 

Hyposulphurous  acid,  H,SO,.  gives  noteworthy  color  reac- 
tions with  these  salts.  The  tests  were  conducted  in  the  follow- 
ing manner :  A  few  cubic  centimeters  of  a  concentrated  solution 
of  sulphur  dioxide  were  placed  in  a  test  tube  provided  with  a 
cork,  and  granulated  zinc  was  added.  The  liquid  changed  to  a 
greenish  color,  and  hydrogen  was  liberated.  As  soon  as  the 
evolution  of  the  gas  had  ceased  the  solution  containing  the 
hyposulphurous  acid  was  poured  into  the  salt  solution  to  be 
tested. 

A  solution  of  titanium  double  fluoride  gave  an  orange  yellow 
color  at  once.  The  oxide  when  treated  in  like  manner  became 
yellow. 

Columbium  double  fluoride  gave  no  color,  but  a  white  hydrate 
was  soon  precipitated.  Columbic  oxide  gave  a  slight  yellow 
tinge. 

Tantalum  double  fluoride  gave  no  color,  but  after  standing  a 
white  precipitate  separated.  Tantalic. oxide  remained  colorless 
when  treated  with  hyposulphurous  acid. 

The  white  precipitates  from  the  tantalum  and  columbium 
salts  were  probably  hydrates  due  to  the  oxidation  of  the  acid 
and  its  consequent  action  upon  these  salts. 

Zinc  and  hydrochloric  acid  gave  no  reaction  with  the  double 
fluoride  of  tantalum.  With  titanium  a  clear,  delicate  green  was 
obtained.  The  columbium  salts  always  gave  a  color  with  these 
reagents.  The  solution  is  at  first  dark  blue,  then  a  greenish 
brown,  and  finally  a  dark  brown.  Frequently  a  brown  precipi- 
tate separates  which  on  standing  becomes  white. 

The  hydrochloric  acid  solution  of  colutnbic  oxide,  and  also 
the  potassium  columbium  fluoride,  were  tested  with  hydrogen 
peroxide,  this  being  accepted  as  one  of  the  most  delicate 
reagents  for  titanium.  No  yellow  color  in  either  case  was 
obtained. 
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2.  ReacHofis  with  Wet  Reagents,  A  number  of  the  ordinary 
reagents  have  been  tried  with  these  salts,  the  results  being  given 
in  the  following  table.  The  reactions  for  the  greater  number 
are  very  different  when  the  metal  tested  is  as  double  fluoride. 
The  ferrocyanides,  in  particular,  have  quite  abandoned  their 
ordinary  colors  with  these  compounds. 


Lead  acetate. 
Mercuric  chloride. 

Mercnrous  nitrate 

Potassium    c  h  r  o- 
mate. 


Potassium  bichro- 
mate. 
Potassium  cyanide 


Potassium  ferro- 

cyanide. 
Potassium  thiocy- 

anate. 


2  KF:  CbOFg.HjO. 


2  KF.  Ta  F.. 


White  precipitate. 


Yellowish      green 
precipitate. 


White  precipitate. 
Slight  precipitate 

in  24  hours. 
Yellow  precipitate 

White  precipitate, 
soluble  in  H^O. 
Partly  soluble  in 
K,  CrO^  solution 

Precipitate  after 
standing. 
White   precipitate  White  precipitate, 
on  boiling. 


2  KF.  Ti  F*. 


White  precipitate. 

Yellowish  green 

precipitate. 
Precipitate  soluble 

in  water. 


Green  blue  precip- 
itate on  boiling. 
White  precipitate. 


Yellow  precipitate 


on  boiling. 
White  precipitate, 
soluble    in    the 
cold.     Comes 
I     down  by  boiling. 
Potassium  iodide.; White,      granular  White  granular 

precipitate.     Io- 
dine IS  liberated 
Disodium    hydro- 


gen phosphate. 
Silver  nitrate. 


precipitate. 


White  precipitate 
after  standing. 

White  precipitate 
after  standing. 


White  precipitate. 

Precipitate  on 
boiling. 


No  precipitate, 
but  iodine  is  lib- 
erated. 

White  precipitate. 


Sodium  bisulphite' White  precipitate.  White  precipitate. 'White  precipitate. 
Sodium  pyrophos-|  Slight  cloudiness.  Precipitate. 

phate. 
Hypophosphorous: 

acid. 


Sodium  metaphos- 
phate. 

Potassium  bro- 
mide. 


I 

■  Precipitate. 


White  precipitate. 


Slight  cloudiness. 


Disodium  hydrogen  pho.sphate,  when  added  to  titanium  double 
fluoride,  precipitates  the  titanium  completely.  The  filtrate 
tested  with  ammonium  hydroxide  gave  no  precipitate.  Columbium 
double  fluoride,  on  the  contrary,  is  not  affected  by  this  reagent. 
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Alter  boiling  a  long  time  in  a  platinum  dish  a  few  white  flocks 
w«re  observed  in  the  solution,  bat  in  such  small  quantity  that 
they  were  disregarded.  Whether  this  behavior  may  or  may  not 
be  made  the  basis  of  a  separation  of  these  two  elements  is  not 
>*et  determined,  because  o(  the  difficulty  in  getting  rid  of  the 
phosphoric  acid.  Fusion  with  sodium  carbonate,  extraction 
with  water,  and  subsequent  precipitation  by  sulphuric  actd 
giA-es  a  mixture  of  sodium  salt  and  columbic  oxide.  Some 
columbium  remains  in  solution.  Fusion  with  potassium  acid 
sulphate  is  more  satisfactOT>-,  yet  is  not  complete. 

DKPORTMENT    OF  TANTALm,  COLUMBtTH    AND    TITANIUM 
1X.H-HUK  FLl'ORtDES  TOWARD  THE  KLHCTRIC  CURRENT. 

I.  .\  solution  of  poUssium  columbium  double  fluoride, 
J  KF,  CbOF,.  H.O,  in  water,  was  treated  with  a  small  amount 
of  sixUum  acetate.  The  precipiute  formed  was  dissolved  in 
acrtso  adJ.  and  through  this  solution  a  current  o(  one  ampere, 
oSiiiii^t  !wm  a  themiopile.  was  conducted  for  fiv«  hours,  A 
wh;w  j^rvv-ij^itiHif,  sweming'.y  a  hydrate,  was  formed.  On  break- 
i^i  the  cumfut  this  rai-i.r.y  wtju:  into  solution. 

.'-  ,■*'  A  i».';at:i>n  t»:  the  si:;  ia  water  was  subjected  to  the 
s»v.;e  vnjTTrrst  vr  ei.ch:  hv".;rs,  Alsxist  intaedialely  the  bottom 
oj  the  yU:-:^!-;::  v-.sh  wjis  o>x-*red  w::h  a  bine  deposit.  This 
S-*.v,-.i'\  si-jvio.  o\«r  ;he  «hc:e  5=ri»ce  exposed  to  the  action 
i-i;  iVir  v-utTv.-:  i'.v:  S^-i-e  -.=  *"sh..--  r:=se  iridescent.  As  the 
,i-,:\t!.:  vcrrisfv-,  ;he  ol^r  >:=«  ::=;  c'-trjrwi  ro  more  of  a  gray, 
«  v;  rr-,M  -xv.  V*'  .:••:■■.  :N;  .~tty=;  «i5  Vt^-iei:.  It  was  washed 
<-  ,i."\  «  ;\  «i;;;-    -.Vj--  »-;v  i-,v>-;   4^  n  was  dried  on  the 

•■■  ,-  >  S"  t  ■"  o.  :•?  sA .*»!*.  tiii-  t~:j;  i-io.-^t  weighed  0.0282 
<  *  ■  .  ■  >  ■•Ns.t  ,-  ^vi  -^  *^S>;i-:v^e  ;  i  arc  a^ur  in  the  air, 
.  . .'.  ^.  sNN  i  •:  ?o  «  -stN.-.  'ifit  i  -« .-  :?-.  ?^:=L--g.  ^jpaiently 
■■?  *^ ''      '^"  ~^''   -'^■-   ■•■•  "f^  "^■-       >:  •  is.  TTxi  ;v  sc^irie  in  hydro- 

v-v  •  V  -;  ■*->,-.-■  ;j  j-t—  .-;  ;ie  scbstaoce, 
^t  V  ,v  V  .  v.-^  t  .x-.-v-^:  -^  i:hi=g  0,0388 
'  .i.  •  .-,N-  •  :  V  t  -  ;>i-T«v-  ^j  a  w^iite  oxide 
;  > -1         Vv    S:t-   ,-v.-!:A,-.i-:,:  s  rx  aH  prota- 
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3.  The  electrolysis  of  an  aqueous  solution  of  a  sodium  colum- 
bate  gave  a  white,  flucculent  hydrate,  not  adherent  to  the  dish. 
The  precipitation  was  not  complete.  A  current  of  one  ampere 
was  employed  for  a  period  of  seven  hours. 

4.  With  a  much  stronger  current  (two  amperes),  a  solution 
of  the  double  salt  2  KF.  CbOF,.  H,0,  gave  first  a  white 
hydrate,  then  beneath  the  outer  edge  of  the  anode  appeared  a 
dark  brown  ring  which  gradually  grew  in  toward  the  centre  of 
the  dish,  never  reaching  it  however,  but  stopping  when  about 
half  au  inch  in  width. 

This  brown  substance  was  slightly  adherent  to  the  dish,  but 
just  as  soon  as  the  current  was  broken,  and  the  liquid  poured 
off,  it  reverted  to  the  white  hydrate.  This  change  was  so  rapid 
that  it  was  impossible  to  separate  the  browi\  from  the  white  sub- 
stance. 

Thinking  that  this  brown  compound  might  be  a  contaminat- 
ing element,  about  one  gram  of  the  double  salt  was  dissolved  in 
water  and  electrolyzed  until  the  brown  ring  had  appeared. 
Then  the  liquid  was  poured  into  another  dish  as  quickly  as  p<  s- 
sible,  and  the  current  run  through  again.  The  brown  rin^ 
appeared  as  before,  and  was  treated  in  the  same  manner.  After 
changing  the  dish  four  times  only  a  trace  of  brown  could  i  e 
seen.  When  the  remaining  solution  was  evaporated  it  was 
found  that  almost  the  entire  quantity  of  the  columbium  h  id 
been  precipitated.  The  brown  substance  here  formed  resemh'u  s 
in  its  behavior  that  produced  in  a  like  solution  by  zinc  a:i  I 
hydrochloric  acid. 

The  resistance  of  this  solution  is  vers  high. 

5.  Pota.ssium  tantalum  fluoride  in  aqueous  solution  was  s;  n- 
jected  to  the  action  of  a  current  of  two  amperes  for  six  hou  •>. 
A  small  quantity  of  hydrate  was  found  in  the  liquid  and  on  the 
dish  a  very  slight  iridescent  deposit  mixed  with  some  wh  :e 
hydrate. 

6.  Potassium  titanium  fluoride  was  treated  in  the  same  ni::  - 
ner  as  the  previous  salt.  A  small  quantity  of  hydrate  was  foii.id 
here,  some  of  which  adhered  to  the  dish.  The  iridesce  t 
deposit,  however,  was  wanting. 
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ACTION  OF   HYDROFLUORIC  ACID  UPON  THE   OXIDES   OF   TAN- 
TALUM, COLUMBIUM,  TITANIUM,  AND  SILICON. 

The  well  known  volatility  of  the  oxides  of  tantalum  and 
columbium  when  heated  with  hydrofluoric  acid  led  to  the  hope 
that  in  this  behavior  might  lie  a  separation  from  titanium  and 
also  from  silica. 

Rose  states  that  a  ver>''  appreciable  loss  occurs  when  the  first 
two  oxides  are  treated  as  suggested,  but  he  makes  no  attempt 
to  separate  them  from  the  latter  two.  To  this  end  one  gram  of 
the  mixed  oxides  of  tantalum  and  columbium  was  evaporated  to 
dryness  with  hydrofluoric  acid,  the  residue  being  heated  over 
the  free  flame  for  a  few  minutes.  By  this  treatment  dense  white 
vapors  were  dri\'en  off.  Upon  weighing  the  residual  oxides 
they  were  found  to  equal  0.5464  gram.  A  second  evaporation 
gave  further  loss,  but  as  both  columbium  and  tantalum  contin- 
ued to  remain,  the  method  is  without  value. 

The  separation  of  silica  from  these  oxides  can  be  accom- 
plished by  the  heat  of  an  iron  plate  after  evaporating  to  dryness 
on  a  water  bath.  The  final  heating  must  be  carefully  done,  and 
the  acid  should  not  be  in  too  great  excess. 

I  have  never  found  it  impossible  to  dissolve  either  the  mixed 
or  the  pure  oxide  in  hydrofluoric  acid,  even  though  strongly 
ignited.  It  is  true,  concentrated  acid  is  necessar>'.  and  a'  little 
time  is  often  required,  but  a  perfect  solution  does  take  place. 

Tantalic  oxide,  containing  columbic  oxide,  is  far  more  sol\ible 
in  hydrofluoric  acid  than  the  pure  oxide.  The  same  behavior 
has  been  observed  with  pure  columbic  oxide,  though  it  is  not  so 
pronounced  as  with  tantalic  oxide.  Titanium  dioxide,  ignited, 
is  ver>-  difficultly  soluble  in  this  reagent,  though  columbic  oxide, 
containing  titanic  oxide,  went  quickly  into  solution. 

DOUBLE    FLUORIDES  OF   TANT.\LrM.    COLUMBIVM.  AND    TITA- 
NIUM. WITH  RUBIDIUM  AND  CESIUM. 

The  potassium  double  fluorides  of  tantalum  and  colambium 
have  been  found  of  great  service  in  separating  these  two  metals. 
Marignac  first  showed  that  a  separation  could  be  effected 
through  these  salts,  and  he  also  demonstrated  that  the  sodium 
and  ammonium  salts  were  inapplicable. 
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Of  the  potassium  double  fluorides  of  tantalum  and  columbium 
we  possess  considerable  information.  A  number  have  been 
isolated  and  studied.  The  sodium  salts  cr3'stallize  so  poorly 
that  their  history  is  not  so  well  known.  It  seemed  probable 
that  rubidium  and  cesium  would  form  double  fluorides  of  definite 
crystalline  character  with  these  three  metals.  At  least,  a  study 
of  their  behavior  might  be  found  instructive.  Before  taking  up 
their  preparation,  however,  the  simple  fluorides  of  rubidium  and 
cesium  may  be  discussed. 

Rubidium  Fluoride  (RbF).  An  examination  of  the  literature 
on  rubidium  showed  that  its  fluoride  had  not  been  prepared.  In 
order  to  procure  this,  rubidium  iodide  was  dissolved  in  water 
and  moist  silver  oxide  added  to  precipitate  tjie  iodine.  The 
solution  of  rubidium  hydrate  resulting,  was  filtered  off  and 
evaporated  in  porcelain  dishes.  A  very  appreciable  quantity  of 
silver  oxide  was  held  in  solution  by  the  rubidium  hydroxide,  so 
that  it  was  necessar>'  to  evaporate  it  almost  to  drj^ness,  then  to 
take  it  up  in  the  smallest  possible  quantity  of  water  and  filter. 
This  treatment  may  have  to  be  repeated  two  or  three  times 
before  the  solution  is  perfectly  colorless.  When  quite  free  from 
silver,  the  concentrated  solution  was  made  slightly  acid  with 
hydrofluoric  acid,  and  evaporated.  '  If  hydrofluoric  acid  be 
present  it  is  almost  impossible  to  obtain  crystals,  a  thick  syrup 
being  formed  which  defies  all  attetiipts  in  this  direction.  The 
solution  is  therefore  evaporated  with  water  several  times  until 
the  excess  of  acid  is  expelled.  The  rubidium  fluoride  then 
crystallizes  in  long,  transparent  plates.  These  were  drained, 
and  dried  between  filter  paper.  The  salt  was  anhydrous.  Con- 
version into  sulphate  by  evaporating  with  sulphuric  acid  gave, 
from  0.5  gram  of  the  salt,  0.5236  gram  rubidium  sulphate.  This 
corresponds,  therefore,  to  the  formula  RbF. 

Cesium  Fluoride. — Cesium  chloride  was  dissolved  in  water, 
and  the  chlorine  precipitated  by  moist  silver  oxide.  The  solu- 
bility of  the  oxide  of  silver  in  cesium  hydrate  is  even  greater 
than  in  rubidium  hydrate,  therefore  some  difficulty  was  expe- 
rienced in  obtaining  a  hydrate  free  from  silver.  It  was  finally 
accomplished  by  evaporating  to  dryness  repeatedly,  taking  up 
the  cesium  hydrate  in  a  very  small  quantity  of  water  and  filter- 
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ing  it.  The  pure  hydrate  was  then  neutralized  with  hydro- 
fluoric acid  and  evaporated.  A  thick  syrup  was  obtained, 
which  refused  to  crystallize.  Upon  heating  in  an  air  bath  to 
1 30°  C . ,  a  crystalline  mass  formed ,  but  it  was  always  in  such  a  sticky 
condition,  and  absorbed  moisture  so  rapidly,  that  it  could  not 
be  analyzed  satisfactorily.  This  mass  was  dissolved  in  water 
and  added  to  the  solutions  of  the  metals  in  hyrofluoric  acid. 

Double  Fluoride  of  Columbium  and  Rubidium, — One-half  g^m 
of  columbic  oxide  was  dissolved  in  hydrofluoric  acid  and  the 
calculated  quantity  of  rubidium  fluoride  added.  The  solution 
was  evaporated  on  a  water  bath  to  expel  the  excess  of  acid. 
The  residue  was  taken  up  in  hot  water  and  allowed  to  crystal- 
lize spontaneously.  White  microscopic  plates  separated. .  These 
were  filtered  off,  dried  between  filter  paper,  and  analyzed.  Two- 
tenths  gram  of  the  dry  salt  gave 

Calculated  for 
Found.  2RbF.CbF».  Difference. 

CbjOj 0.0670  0.0673  — 0.0003 

RbF o.  1048  o.  1049  — o.oooi 

The  formula  of  the  salt  is  therefore,  2RbF.CbFj,  correspond- 
ing to  the  tantalum  salt  usually  obtained  with  potassium 
fluoride. 

The  filtrate  from  this  first  crop  of  crystals  was  slightly  con- 
centrated, when  small,  shining,  or  even  iridescent  crystals, 
apparently  plates,  separated.  Upon  standing  a  short  time  these 
changed  over  into  crystals  like  those  first  mentioned.  This  salt 
is  very  soluble  in  water  containing  hydrofluoric  acid,  and  also 
in  pure  water.     It  is  insoluble  in  alcohol. 

Double  Fluoride  of  Rubidium  a7id  Tantalum.  —  Rubidium 
fluoride  in  slight  excess  was  added  to  tantalic  oxide  dissolved  in 
hydrofluoric  acid.  Small  white  needles  crystallized  out.  An 
excess  of  acid  must  be  present,  otherwise  heat  decomposes  the 
double  salt,  giving  a  fine,  white,-  insoluble  compound,  as  is  the 
case  with  the  potassium  salt. 

Analysis  of  two-tenths  gram  gave 

Calculated  for 
Found.  2RbF.TaF,.  Difference. 

Ta-Pa 0.0915  0.0913  -+-0.0002 

RbF 0.0861  0.0859  4-0.0002 

Double  Fluoride  of  Titajiium  and  Rubidium, — ^The  preparation 
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of  this  salt  was  conducted  as  described  with  preceding  salts. 
The  crystals  here  were  also  microscopic  needles.  Some  diflS- 
culty  was  at  first  experienced  in  completely  drying  the  salt,  but 
this  was  overcome  by  several  recrystallizations  from  pure  water, 
when  an  anhydrous  product  was  obtained.  One- tenth  gram  of 
the  salt  gave  on  analysis 

Calculated  for 
Found.  2RbP.Tip4.  Difiereuce. 

Gram.  Gram. 

TiO, 0.0238        0.0240        — 0.0002 

RbF 0.0622  0.0626  — 0.0004 

Double  fluoride  of  Tantalum  and  Cesiuvi^ , — This  double  salt 
was  formed  by  the  addition  of  a  solution  of  the  cesium  hydrate 
in  hydrofluoric  acid  to  a  solution  of  tantalic  oxide  in  hydrofluoric 
acid.  Very  beautiful  white  needles  separated,  which  were  not 
easily  soluble  in  water,  and  were  not  decomposed,  by  recrystalli- 
zation  from  pure  water.  Ther  aqueous  solution  may  be  evapo- 
rated on  a  water-bath  with  perfect  safety,  this  salt  being  appar- 
ently much  more  stable  than  either  the  potassium  or  rubidium 
salt. 

The  crystals  were  dried  in  the  air,  then  heated  to  125"*  C.  in 
an  air-bath.  No  loss  in  weight  was  obser\'ed.  0.25  gram  gave 
on  analysis 

Calculated  for 
Found.  isCsK.TaKft.  Difference. 

Ta^Oj 0.0212  0.0217  —0.0005 

CsF 0.2232  0.2228  —0.0004 

The  formula  deduced  from  the  analytical  data  varies  widely 
from  that  generally  followed  by  tantalum  double  fluorides. 
Neither  is  it  in  accordance  with  Remsen's  law  for  the  double 
halides*  though  it  will  be  observed  that  its  fluorine  content  bears 
a  simple  ratio  to  the  fluorine  in  combination  with  the  tantalum. 

Double  Fluoride  of  Columbium  and  Ccsiuvi. — This  double  salt 
was  formed  in  the  matnier  described  for  the  preparation  of  the 
cesium  tantalum  fluoride.  It  is  very  soluble  in  water  contain- 
ing hydrofluoric  acid,  and  in  pure  water,  from  which  it  crystal- 
lizes in  needles.     These   when  pure  are  anhydrous.     Boiling 

1  Thii»  and  all  the  other  cesium  double  fluorides  are  beingr  subjected,  at  this  writing, 
to  further  study  iu  this  laboratory.  Kdgak  P.  Smith. 

2.-1*1.  Chcm.J.,  a,  291. 
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with  pure  water  does  not  decompose  the  salt.     Analysis  of  two- 
tenths  gram  gave  the  following  result : 

Calculated  for 
Found.  7CsF.CbF,.  Difference. 

CbjO^ 0.0216  0.0213  4-0.0003 

CsF 0.1694  0.1698  — 0.0004 

This  salt,  which  appears  to  be  yCsF.CbFj,  is  even  more  erratic 
in  its  constitution  than  the  tantalum  cesium  compound.  There 
is  apparently  no  relation  here  between  the  fluorine  in  combination 
with  the  columbiuin  and  the  number  of  molecules  of  cesium 
fluoride  present. 

Double  Fluoride  of  Titanium  and  Cesiiim. — This  salt  separates 
in  very  small  shining  crystals  when  cesium  fluoride  is  added  to 
a  rather  concentrated  solution  of  titanic  oxide  in  hvdrofluoric 
acid.  It  is  more  readily  .soluble  in  water  than  the  tantalum 
cesium  compound,  and  is  not  decomposed  by  pure  water.  The 
air  drieil  crystals  showed  no  loss*  in  weight  after  heating  for 
some  time  at  125'*  C.  An  analysis  of  0,25  gram  gave  the  follow- 
ing amounts  of  titanic  oxide  and  cesium  fluoride  : 

Calculated  for 
Found.  4CsF.TiF4.  EHfferencc. 

'^i^« 0.0269  0.0271  -I-0.0002 

^sF 0.2071  0.2076  — 0.0005 

The  figures  point  to  the  formula  4CsF.TiF,.  This  is  a 
departure  from  the  u.sual  titanium  double  fluorides,  and  agrees 
with  the  law  laid  down  by  Remseii  for  these  salts. 

When  we  consider  the  atomic  masses  of  tantalum,  columbium, 
and  titanium,  the  first  182,  the  second  94.  and  the  third  48,  and 
also  consider  the  quantities  of  cesium  fluoride  which  unite 
with  a  molecule  of  each  of  the  metallic  fluorides,  we  find  that 
with  tantalum  the  quantity  (fifteen)  is  nearly  twice  that  with 
columbium  (seven)  and  the  latter  almost  double  that  (four) 
uniting  with  titanium,  just  as  182  is  about  twice  94,  and  94 
nearly  twice  48. 

These  new  cesium  compounds  tend  to  confirm  the  conclu- 
sions drawn  by  Wells  and  others'  from  their  work  on  the  cesium 
double  hahdes.  The  compounds  investigated  bv  these  chemists 
show  that  the  cesium  double  halides  are  not  wholly  conformable 
tn  Remsen's  law. 

»  Am.J.Sci.   47 
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The  metliod  of  analysis  pursued  for  the  determination  of  these 
double  salts  is,  briefly,  as  follows  : 

The  dry  substance  was  decomposed  in  a  platinum  crucible  by 
a  few  drops  of  concentrated  sulphuric  acid.  The  hydrofluoric 
acid  was  driven  off,  and  the  excess  of  sulphuric  acid  was  then 
expelled  ou  a  sand-bath.  The  temperature  must  be  just  suffi- 
cient to  drive  off  the  acid.  The  metallic  oxide  was  obtained 
from  the  sulphate  by  long  boiling  with  a  large  quantity  of  water. 
It  was  tlien  filtered,  washed  about  twenty  times  with  boilirig 
water,  ignited,  and  weighed.  The  filtrate,  containing  the  alka- 
line sulphate,  was  evaporated,  the  excess  of  acid  neutralized 
with  ammonium  carbonate,  and  the  solution  then  evaporated  to 
dryness  on  a  water- bath.  A  saturated  solution  of  ammonium 
carbonate  was  added,  and  the  mixture  evaporated  again  to  dry- 
ness. The  ammonium  salts  were  expelled  by  careful  heating. 
Constant  ^weight  can  generally  be  obtained  after  two  or  three 
evaporations  with  ammonium  carbonate.  The  rubidium  sul- 
phate decrepitates  on  heating,  which  necessitated  great  care 
while  expelling  ammonium  salts,  and  also  rendered  the  method 
pro|>osed  by  Kriiss  (heating  in  a  stream  of  ammonia  gas), 
untrustw^orthy.  The  alkalies  were  then  weighed  as  normal  sul- 
phate, and  the  cesium  or  rubidium  content  calculated.  This 
method,  while  slow,  has  been  found  very  satisfactory  for  these 
rare  alkalies. 

PRODUCTS  OBTAINED  ON  HEATING   THE   OXIDES  OF  TANTALUM 
ANO  COLUMBIUM  WITH  PHOSPHORUS  PENTACHLORIDE. 

One-half  gram  of  columbic  oxide  was  heated  with  phosphorus 
pentachlcride,  the  quantity  being  calculated  from  the  following 

equation  : 

Cb,0,  +5PCle  =  2CbCl.  +  5POCI.. 

The  experiment  was  conducted  in  a  sealed  tube  from  which 
all  air  had  been  expelled,  the  temperature  being  maintained  at 
180**— 200**  C,  for  seven  hours.  The  resulting  mass  was  moist, 
and  a  dirty  green.  The  tube  was  opened,  connected  quickly 
with  a  small  test  tube,  and  then  heated  in  an  air-bath.  A  small 
qaantity  of  liquid  distilled  into  the  front  part  of  the  tube.  This 
was  a  yellowish  green,  and  gave  with  water  a  white  precipitate, 
apparently  a  hydrated  columbic  oxide. 
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At  a  higher  temperature,  about  200*  C,  yellow  vapors  col- 
lected in  the  cool  portion  of  the  tube.  These  settled  on  the 
glass  as  yellow,  oily  drops,  and  on  cooling  solidified,  long  yel- 
low needles  being  detected  here  and  there.  Nearly  all  of  thci 
substance  in  the  tube,  however,  remained  as  the  greenidi  mass, 
which  had  become  dry.  No  change  was  observed  on  heating 
above  360''  C.  The  tube  was  then  wrapped  in  copper  gauze  and 
heated  with  a  Bunsen  lamp.  The  green  substance  swdled  np, 
became  white*  iridescent,  and  almost  fiUed  the  tube.  No  green 
color  remained.  Analysis  of  this  compound  showed  it  to  be 
columbium  oxychloride,  CbOCl,.  The  long  yeDow  needles 
which  had  been  observed  in  the  front  part  of  the  tnbe  cHanged 
gradually  on  heating,  and  became  white  and  iridescent  like  the 
remainder  of  the  substance. 

This  behavior  indicated  the  formatkm  of  a  pentachloride, 
which  was  then  changed  to  oxychlonde  by  the  small  quantity  of 
air  which  entered  the  tube  when  it  was  connected  with  the 


A  secv^nd  ttibe.  heated  »>r  eight  hours  at  23o*-235*  C,  gave  a 
vijtrk  yellow «  setaiduid  ma^ss^  Great  care  was  taken  in  this 
exr<T irrtent  ^>  exc!:iie  aU  traces  o«  moisture,  and  the  distillation 
Wis  cv^r^iuct>^d  ur.vier  reduced  pressure.  Phospboros  oxychlo- 
Hxtc  :r.  vv>r:sid^rib:e  ^^riinrity  distilled  crrcr.  Searing  in  the  tube 
a  >rV,v"^  crvN^jLlIirsf  sc^tjtJirjce.  wb:ch.  on  treatrnf  with  water. 


1!:^^  "^--^  vX>c.-rv>:i::Ni  «-is  iTiiNsec  acvxrerr^  to  the  netfaod 
cz  VivcTjtc  TS?  .j:t  ^^i  cjiL:i5?  w^-^rbed  c>.5e.«  gram.  As 
CtTA  .x>i-,-ji::  ^Tirr  c«  vxCcirrVv  cjL^ie  wis  saed  ra  tbeezperi- 
•r>;r-t  :>^  c\Nr:ATr..Tji:  T4:  ^d^sciTv-^  vi<  sco^i^  aad  wss  ioand 

>,n:   :>^  ;rxrj5.-^v.T.  cc  :>  s  ?<Tn?ct.     FiJC55ci>^c:ic 
.■'.Kn-::>       :>  z?*^-^  i  x"vtn:>.-c.ni  v^r-rx^i  c»:Tr:aLn:air  est: 


COLUMBIUM   AND   TANTALUM.  63 

Another  experiment  was  therefore  tried  under  the  following 
conditions:  One-half  gram  columbium  pentoxide  was  heated 
with  the  calculated  quantity  of  phosphorus  pentachloride  at  a 
temperature  not  exceeding  210**  C.  for  eight  hours.  The  tube 
contained  a  yellow  mass  as  before.  It  was  placed  in  an  air-bath 
and  connected  with  a  chlorine  generator,  the  receiver  having 
been  previously  filled  with  chlorine.  At  190**  C.  a  very  volatile 
substance  collected  in  the  front  part  of  the  receiver.  This  was 
a 'lemon  yellow,  and  when  analyzed  gave  15.85  per  cent,  col- 
umbium and  6.095  per  cent,  phosphorus. 

At  i90**-200**  C,  long  yellow  needles  collected  ;  some  of  these 
were  nearly  half  an  inch  in  length.  Analysis  gave  27.37  per 
cent,  columbium  and  32.19  per  cent,  phosphorus. 

The  substance  which  did  not  volatilize  at  200°  C.  was  brown- 
ish-yellow, and  apparently  crystalline.  Analysis  gave  28.11  per 
cent,  columbium,  and  1.34  per  cent,  phosphorus. 

In  none  of  these  analyses  could  the  chlorine  content  be  deter- 
mined, because  of  the  violence  with  which  water  acts  upon  the 
compounds,  resulting  invariably  in  the  loss  of  some  hydrochloric 
acid. 

It  seemed  probable  that  the  brownish-yellow  residue  in  the 
tube  was  columbium  pentachloride,  enclosing  a  small  quantity 
of  phosphorus  pentachloride.  To  determine  all  three  elements, 
the  following  method  was  used  : 

The  more  volatile  compounds  having  been  removed  by  distil- 
lation in  a  stream  of  chlorine  gas  the  residual  substance  was 
quickly  weighed  and  thrown  into  a  dilute  solution  of  silver 
nitrate.  The  precipitate  of  silver  chloride,  silver  phosphate,  and 
hydrated  columbic  oxide  was  then  filtered,  and  washed  on  the 
filter  with  dilute  nitric  acid.  The  phosphoric  acid  obtained  was 
determined  by  a  magnesium  mixture.  Dilute  ammonium 
hydroxide  was  then  poured  over  the  mixture  of  silver  chloride  and 
columbic  oxide.  It  was  found  that  all  the  silver  salt  could  not 
be  removed  by  this  means.  The  mixture  was  therefore  trans- 
ferred to  a  porcelain  crucible  and  reduced  in  a  stream  of  hydro- 
gen gas,  the  metallic  silver  being  dissolved  out  with  dilute  nitric 
add,  then  precipitated  as  chloride.     The  columbium  remained 
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in  the  form  of  a  \nolet  compound,  which  on  ignirion  in  the  air 
went  ox-er  to  pentoxide. 

A  small  quantity  of  phosphorus  was  obtained,  which  was  cal- 
culated into  pentachloride  and  deducted  from  the  material  taken. 

Rose  states  that  a  columbate  of  silver.  Cb,0,.  Ag^.O,  is  formed 
on  the  addition  of  sil\-er  nitrate  to  a  solution  of  sodium  colum- 
bate. As,  upon  the  addition  of  water  to  columbium  pemtachlo- 
ride,  an  almost  perfect  solution  is  produced  for  a  few  moments, 
the  columbium  in  solution  may  combine  with  the  sili«r.  In 
such  a  case  the  silver  chloride  nnally  weighed  woald  represent 
both  the  silver  in  combination  with  chlorine  and  that  with 
columbium. 

The  analytical  results  are  as  follows  : 

Substino«  taken  sKO.Soi?  ^rasx. 
PhosrhK?ras  fo'iai  ^  c,0'i59t>  gram. 

This,  as  phosphorus  pentachloriie.  requires  0.14S29  gram  of 
chlorine. 

Sub>ta3Cif  tacea  a-.:=u>  PCI,  ^o  7175  gram. 
Colusbiua  tousol  ^  o.iiS5  craai. 
Co^u-n^^atn  n^qulr«d  =  c.i4.Sa  gram. 
Chlv»nae  touad^e.tJCCOQ  ^aai. 

Taking  rrom  this  ci^S^c  gram  of  chlorine,  which  is  in  com- 
bina::cn  with  phosphom-.  we  ha\-e  chlorine  =  0.51 68  gram; 
cclur-'bium  penrachlorijle  re^uir-s  .^  -tt^ci  gram.  Calculating 
the  quantity  of  s::\>?r  which,  avxording  to  Rouse's  tormula,  woold 
cctibine  w.th  the  amount  o:  colnm'rinm  cxide  x»and.  and  deduct- 
ing the  chlor—.e  c.rre<rcnC:ng  to  it.  oac^^vs  scram  of  chlorine 
IS  ?-nni  t-  Ve  in  o:n:b:nat:on  w:th  the  o^Ium'rium. 

The  v::a:ue  vxmr*  nnis  nentxnei  above  were   recalculated 

..  -    ;---^- >  rxr-,i._.. e  ar.c  cc.u.=:~:-i::i    pentachlwide. 

It  wi<  :.-i  tii:  by  r^-.v:-,:  tie  rhojrb.m*  as  pentachloride 
<at-.*:ir-rv  i-r.-  ^<  ::r  o.:--r:u=  t^ctacilor-;!* -srere obtained 


.  ^7  ■-£.:.  ...J.  -.vi*  aX'  heate-i  .vti  rbo^rhcms  pe=tachloride. 
t-s  s^~e  -=-;:=<  b^.-^  -i.nti-.r.^i  as  t=  tie  colarabiam 
<exr.er-<e-:*.     A  r-ell.-A-  rx^  w^s  r.r-e-i  i^iter  ia  orlor  than 

^  ...     >».  ^  .^    i^^  ,;-  .  <,-^:^:,y  r:cisc.      The  tube 

■va<  rli.-ri     n    11  a  r-*rj:h   a:c   i  <*'-.•    »-    »    -- ^^-r»^  «nf 

'^'^^"''='*'  ~^   -^^     "-^        ^-^    i:< ':a:.  n    wa<     .-.rvluctexi    under 
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reduced  pressure.  A  small  quantity  of  phosphorus  oxychloride 
distilled  over,  and  in  the  front  part  of  the  tube  a  little  phos- 
phoras  pentachloride  collected.  The  tantalum  compound 
remaining  was  light  yellow,  dry,  and  powdery — apparently 
amorphous.  It  combined  with  water  with  hissing,  liberating 
tantalic  oxide,  which  contained  no  phosphorus.  A  small  quan- 
tity of  this  element  was  found  in  the  filtrate  from  the  oxide.  It 
was  calculated  into  phosphorus  pentachloride,  and  deducted 
from  the  total  quantity. 

Weight  of  substance  taken  =0.6700  gram. 
Weight  of  tantalum  found  =  0.3389  gram. 
Required  tantalum  s: 0.3391  gram. 

Tantalum  pentachloride  is,  therefore,  formed  when  tantalic 
oxide  is  heated  with  phosphorus  as  pentachloride. 

REDUCTION  OF  THE  COMPOUNDS  OF  COLUMBIUM  AND  TAN- 
TALUM TO  METAL. 

Two  experiments  aiming  at  the  preparation  of  columbium  and 
tantalum  in  the  metallic  state  have  been  tried  during  this  re- 
search, and  I  regret  exceedingly  that  lack  of  time  has  prevented 
a  more  careful  study  of  the  reactions  obtained.  It  is  my  inten- 
tion to  go  more  deeply  into  the  subject  than  I  have  been  able 
to  do. 

Experiment  i.  An .  iron  cylinder,  three  inches  in  diameter, 
having  an  inch  bore,  was  charged  in  the  following  manner: 
First,  a  layer  of  dry  salt,  then  a  layer  of  metallic  .sodium,  above 
which  were  placed  about  seven  grams  of  potassium  tantalum 
fluoride,  this  being  followed  by  another  layer  of  sodium.  The 
cylinder  was  then  tightly  packed  with  dry  salt,  and  a  heavy  lid 
screwed  on.  It  was  then  placed  in  a  wind  furnace,  the  temper- 
ature of  which  was  comparatively  low.  In  less  than  one-half 
hour  it  was  found  that  the  cylinder  had  melted  down,  and  no 
trace  of  the  charge  could  be  found. 

Experiment  2,  Marignac  obtained  an  alloy  of  columbium  and 
aluminum  by  heating  the  potassium  double  fluoride  with  alum- 
inum scales  in  a  carbon  crucible.  In  the  experiment  to  be  de- 
scribed columbic  oxide  was  used,  salt  and  cryolite  being  em- 
ployed as  a  flux.  The  following  layers  were  placed  in  a  graphite 
crucible : 


66  COI«UMBIUM   AND  TANTALUM. 

1.  Salt. 

2.  Cryolite. 

3.  Aluminum  clippings. 

4.  Columbic  oxide. 

5.  Aluminum  clippings. 

6.  Cryolite. 

7.  Salt. 

The  proportion  of  these  substances  used  were : 

2  parts  CbjOft. 

10  parts  cryolite. 

15  parts  aluminum. 

X  parts  sodium  chloride. 

The  graphite  lid  was  firmly  luted  on  with  fire-clay,  the  cruci- 
ble was  buried  in  a  wind  furnace  which  was  kept  at  a  vhite 
heat  for  eight  hours.  At  the  end  of  this  time  it  was  found  that 
the  graphite  crucible  had  been  severely  attacked.  It  wis  re- 
duced to  a  shapeless  mass,  but  on  breaking,  a  powder>'  substance 
was  found,  in  which  were  contained  many  little  metallic  buttons 
varying  in  size  from  a  large  pea  to  those  of  microscopic  pTopor- 
tions.  These  were  carefully  picked  out,  and  various  reagents 
tried  upon  them. 

Single  acids  do  not  attack  them.  Aqua  regia  makes  a  slight 
impression  on  long  heating.  Fusion  with  bisulphate  affords  only 
a  partial  decomposition.  The  substance  is  exceedingly  light,  it 
is  dark  gray,  and  does  not  alter  in  the  air.  A  partial  oxidation 
occurs  after  prolonged  heating  in  the  air.  The  substance  is  not 
brittle. 

SUMMARY. 

1.  The  decomposition  of  columbite  is  more  readily  and  satis- 
factorily accomplished  by  the  Gibbs  than  by  the  bisulphate 
method.  This  method  is  also  more  valuable  for  the  preparation 
of  large  quantities  of  pure  oxides. 

2.  The  qualitative  reactions  of  columbium,  tantalum  and 
titanium  when  existing  as  double  fluorides  are  not  the  same  as 
when  the  metals  exist  as  tantalates,  columbates  and  titanates. 

3.  The  action  of  the  electric  current  upon  tantalum  and  colum- 
bium double  fluorides  gives  a  lower  hydrated  oxide.  The  pre- 
cipitation is  not  complete. 

4.  It  was  hoped  that  in  preparing  the  double  fluorides  of 
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colimbium,  tantalum  and  titanium  with  rubidium  and  cesium 
a  difference  in  solubility  of  the  salts  would  be  found  which  would 
afio'd  a  better  separation  of  these  metallic  oxides  under  discus- 
sion.   This  hope  has  not  been  realized. 

5.  Heating  the  oxides  of  columbium  and  tantalum  in  sealed 
and  vacuous  tubes  with  phosphorus  pentachloride  yields  the 
pentachlorides  of  these  metals  and  phosphorus  oxychloride. 

I  lake  pleasure  in  acknowledging  the  kindness  shown,  and 
the  interest  taken  in  the  preceding  work  by  Dr.  Edgar  F.  Smith, 
of  this  University,  in  whose  laboratory  it  was  carried  out. 
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AN  IMPROVED  QA5  PIPETTE  FOR  TtfE  ABSORPTION  OF 

ILLUniNANTS. 

By  Augustus  H.  Gill. 

Received  October  la,  189s- 

IN  the  use  of  the  apparatus  for  this  purpose  ordinarily  furnished 
by  the  dealers,  difficulty  has  always  been  experienced  in 
sucking  the  gas  back  from  the  pipette,  owing  to  the  moist  beads 
and  the  glass  wool  entrapping  some  bubbles. 

To  obviate  this,  the  writer  has, 
for  the  past  two  years,  made  use  of 
the  modification  shown  at  one-fourth 
size  in  the  sketch.  The  round  bulb 
filled  with  beads  and  glass  wool  in 
the  usual  form,  is  replaced  by  a 
cylindrical  one  about  two  inches 
long  and  an  inch  and  a  quarter  in 
diameter,  filled  with  tubes  stand- 
ing vertically,  after  the  manner  of 
the  Orsat  pipettes.  The  surface 
presented  is  nearly  the  same  and 
no  trapping  of  the  gas  can  take 
place. 

The  stand  is  the  one  already  de- 
scribed,* and  the  whole  apparatus 
may  be  obtained  of  the  Ziegeler 
Electric  Co.,  of  Boston. 

>  Gill :  Am.  Ckem.J.,  14,  ajx.     . 


THE  COLORING.nATTER  OF   NATURAL  WATERS.    fS 
SOURCE,  COnPOSITION    AND  QUANTITATIVE 

MEASUREMENT. 

By  Kllkn  H,  Richards  and  J.  W.  Ellms. 

Keceivetl  Aujju>t  31.  1895- 

SO  deeply  seated  in  the  mind  of  the  average  cirizen  i  the 
prejudice  against  the  amber-colored  water  of  the  mat  of 
the  New  England  streams  that  it  is  only  when  reinforcel  by 
scientific  authority  that  water  boards  and  city  councils  are  able 
to  make  any  impression  upon  it. 

It  is  only  by  actually  filling  up  the  well  or  by  taking  ott  the 
pump,  that  any  Board  of  Health  can  prevent  the  use  of  a  Jear, 
cold,  colorless,  highly  polluted  well-water,  no  matter  how  ibun- 
dant  and  free  the  tepid,  turbid  brown  water  supplied  fron  the 
tap. 

Color  seems  to  have  been  associated  in  the  popular  mind  with 
all  sorts  of  hidden  dangers.  There  lingers  yet  in  memoT  the 
echoes  of  stories  told  to  childish  ears  of  the  agonies  suffend  by 
those  deluded  persons  who»  in  spite  of  the  warning  o:  their 
elders,  persisted  in  drinking  from  wayside  brooks  and  thus 
unwittingly  swallowed  what  grew  to  be  living  monsters  within 
them. 

While  there  must  be  some  gpnound  for  so  strong  and  universal 
a  teelini:of  dano^er.  exoerience  has  certainlv  shown  that  a  brown 
water  from  a  carefully  protected  water-shed,  when  pioperly 
stored,  yields  a  perfectly  wholesome  as  well  as  most  available 
and  abundant  source  of  supply. 

It  is  said  that  the  water  :rom  the  Dismal  Swamp  is  sought 
tor  by  saihng  vessels  to  take  for  three  >-ear  cruises  and  many 
other  bro'.xn  waters  have  shown  excellent  keeping  qualities  after 
b^ins:  storevl  for  a  time  in  clean  basins  to  allow  ot  the  sedimen- 
tation o:  the  exrran^ious  matter  which  may  ha\-e  been  carried 
•^'^''-*:  '^y  >trear:>, 

T.ie  source  c:  brown  co^^r  in  natural  surface  waters  is  to  be 

*^  ^ ^  v.;:vav:na:  e.n:.  mar.c.  oajc.  and  orjier  leaves  whicn 

vari-^c  :::cr  .::_>: .J^^  ^- _»  swar.rs  each  autumn,  and  in  the  surface 
'   ^v^rywhere.    and  parr.cu'arly  iu  the   lowlands,   is 
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The  chlorophyl  derivatives,  glucoses,  and  glycosides  dissolve 
out  of  the  fallen  leaves  in  the  eariy  autumn,  giving  a  light  yel- 
low color  to  the  brooks,  but  after  soaking  all  winter,  mostly 
under  the  ice  and  snow,  the  leaves  yield  to  the  warm  spring 
rains  a  rich  deep  brown  liquid  which  is  exactly  what  Thoreau, 
with  poetic  instinct,  called  it,  namely  **  meadow  tea.'*  It  is  at 
least  as  harmless  as  Japan  tea.  The  coloring- matter  in  botli 
cases  is  due  to  the  slow  carbonizing  of  the  leaf  and  the  forma- 
tion of  soluble  compounds  rich  in  carbon. 

The  variation  in  the  depth  of  color  of  brown  surface  water  at 
different  seasons  of  the  year,  is  well  shown  in  chart  i .  Tlie 
color  curve  plotted  for  basin  4  of  the  Boston  Water  Works,  in 
Ashland,  for  a  year,  shows  the  steady  rise  in  color  from  January 
to  June,  and  then  a  falling  off  toward  the  latter  part  of  the  year. 
This  is  a  typical,  unpolluted  surface  water.  Taunton  river,  on 
the  other  hand,  receives  drainage  from  a  variety  of  sources  as 
well  as  from  the  neighboring  swamps,  and  shows  greater  fluctua- 
tions. 

When  any  organic  substance  as  wood,  leaves,  and  the  lilce,  is 
treated  with  strong  sulphuric  acid,  a  decomposition  occurs  more 
or  less  complete  ;  and  the  result  is,  according  to  the  strength  of 
the  acid  and  the  temperature  at  which  it  is  applied,  either  a 
mass  of  nearly  pure  carbon  or  a  gummy  substance  soluble  in 
water  with  the  production  of  a  deep  brown-colored  solution. 
When  sugar  is  gently  heated  it  parts  with  a  portion  of  the 
elements  of  water,  becoming  richer  in  carbon  as  the  process  is 
pushed  farther.  The  result  is  a  brown  substance  known  as 
"caramel"  soluble  in  water;  there  also  may  be  produced 
various  less  soluble  compounds,  depending  on  the  temperature 
used,  which  have  been  at  times  called  caranielane,  caramelin, 
and  caramelene.' 

But  the  most  instructive  instance  of  the  production  of  this 
characteristic  brown  substance  is,  perhaps,  in  the  case  of  the 
well  known  colorimetric  determination  of  carbon  in  steel.  By 
using  Stead's  alkali  method,  a  soluble  brown  color  is  obtained 
which  compares  very  closely  with  the  color  of  the  dark  brown 
waters   under  consideration.     Whether   an   estimation   of    the 

1  PeliROt.  AuH.  chim.  phys.  [2].  67.  172  ;    Volckcl.  Ann.  Cketn.  (Ucbij?).  S5.  59  •    Mau- 
mcnt.  Compt.  rend.,  39,  422 :  Graham,/.  Chem,  Si>c.,  15.  258. 
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actual  quantity  of  carbon  in  these  coloring-matters  can  be  made, 
is  yet  to  be  determined. 

The  color  in  solutions  from  all  these  sources  may  be  removed 
with  milk  of  alumina,  may  be  precipitated  by  barium  hydroxide, 
and  in  all  cases  the  solutions  are  decolorized  by  the  action  of 
potassium  permanganate,  indicating  the  complete  oxidation  of 
the  color- giving  compound  of  carbon.  All  are  comparable  in 
color  when  matched  in  tubes  or  read  in  the  tintometer  to  be 
described. 

These  facts  all  indicate  that  this  brown  color  is  imparted  to 
aqueous  solutions  by  the  same  compound  of  carbon  or  by  closely 
related  compounds. 

In  the  coloring-matter  of  surface  waters  there  are,  most  prob- 
ably, several  complex  substances,  among  them  tannins,  gluco- 
sides,  and  their  derivatives,  out  of  which  it  seems  almost  hope- 
less to  attempt  to  isolate  any  one  which  may  be  said  to  be  the 
substance  under  consideration.  Some  of  these  decomposition- 
products  contain  iron  and  it  has  been  suggested  that  the  color- 
giving  compounds  may  result  from  the  breaking  up  of  chloro- 
phyl.*  That  iron  is  not  essential  to  the  formation  of  the  color  is 
shown  by  the  fact  that  the  brown  color  may  be  given  by  a  solu- 
tion of  caramel  made  from  pure  sugar,  and  that  iron  may  be  ab- 
sent from  the  carbon  color  obtained  from  steel,  but  it  is  true  that 
a  very  small  quantity  of  iron  does,  as  a  rule,  accompany  the 
brown  color  of  natural  waters. 

Since  any  colored  natural  water  gives  a  certain  proportion  of 
albuminoid  ammonia,  increasing  as  the  color  increases,  it  would 
seem  that  the  color  compound  might  contain  nitrogen.  The 
following  are  results  of  experiments  tried  some  years  ago  : 

Color.  Albiiiniuoid  aininoiiia. 

(i)  Peat  solution 2.0  0.0516 

(2)  Fresh  leaf  solution 0.8  0.0494 

(3)  Second  extract  of  same  leaf 0.8  0.0174 

(4)  An  old    leaf  repeatedly  extracted 

with  water 0.9  0.0072 

It  will  be  seen  jn  the  two  leaf  solutions  (2  and  3)  with  the 
same  color  of  eight-tenths  there  is  a  reduction  of-  64.7  per  cent, 
in  the  nitrogen  and  that  with  a  color  of  one-tenth  more  in  the 

1 F.  8.  HoUts,  Report  of  the  Boston  Water  Board.  1S93. 
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old  leaf  solution  (4)  there  is  85.4  per  cent,  less  nitrogen  than  in 
the  fresh  leaf  solution  (2).  While  it  is  possible  that  the  color- 
giving  compound  or  compounds  contain  nitrogen  as  an  essential 
constituent,  it  is  evident  that  a  large  diminution  in  the  nitro- 
gen does  not  produce  a  corresponding  lessening  of  the  color. 

The  following  figures  show  the  carbon,  hydrogen,  and  nitro- 
gen contained  in  (i)  the  residue  of  Boston  tap  water,  (2)  a  very 
dark-colored  water  from  Cedar  Swamp,  Westboro,  and  (3> 
humic  acid  extracted  from  soil. 

Carbon.  Hydrogen.  NitroReii. 

KoRion  tap  water' 30.71  5-9^  7.6S 

Cedar  Swamp  water' 43-72  3-92  4.82 

Humic  acid- - 50.4  4-8  3-^ 

No  attempt  has  been  made  by  us  to  give  a  more  definite  for- 
mula for  these  apparently  highly  carbonaceous  compounds  since  so 
little  seems  to  be  known  of  the  reactions  attending  the  gradual 
carbonization  of  such  organic  substances.  It  is  probable  that 
one  of  the  compounds  maj*  be  what  is  known  to  the  agricultural 
chemist  as  humic  acid  or  humus  matter.  Berthelot  finds  a  close 
relation  between  this  substance  prepared  from  peat  and  from 
sugar,  only  the  latter  is  free  from  nitrogen. 

QUANTITATIVE  MKASUREMENT. 

Formerly  the  brown  color  of  water  was  supposed  to  be  a  bar 
to  its  use  for  domestic  purposes  and  analysts  sought  for  some 
standard  of  comparison  by  which  to  set  a  limit  of  allowable 
color.  One  of  the  early  methods  was  by  the  determination  of 
the  quantity  of  oxygen  consumed  or  absorbed  from  potassium 
permanganate,  either  hot  or  cold  in  acid  or  alkaline  solution. 
If  the  substance  which  gave  the  brown  color  had  a  known  com- 
position so  that  any  given  percentage  of  oxygen  consumed  could 
be  said  to  correspond  to  a  definite  quantity  of  the  carbonaceous 
compound,  this  might  be  a  valuable  standard.  The  fact  is, 
however,  that  at  present  the  results  are  often  misleading,  since  a 
highly  polluted  water  may  give  much  lower  results  than  a  dark 
brown  water  which  by  years  of  use  has  been  shown  to  be  per- 
fectly wholesome. 

»  H.  T.  Gallup.  Thesis.  Mass.  Inst.  Tech..  r.S94. 
-  lltrihelot:  Compt.  retui..  569  /.sv>.>.  . 
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Since  not  all  carbon  compounds  are  atfecled  by  tbis  treatment 
and  since  the  organic  matter  in  sohition  is  probably  made  up  of 
several  substances  having  quite  different  compositiou,  it  is  not 
surprising  that  we  have  thus  far  failed  to  establish  a  definite 
relation  between  the  quantity  of  organic  matter  present  and  the 
oxygen  given  up  to  it  by  the  potassium  permanganate.     In  a 
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general  way,  a  rise  in  color  is  followed  by  a  rise  in  the  oxygen 
consumed,  as  is  shown  by  the  diagram  on  chart  II. 

As  soon  as  the  fact  was  recognized  that  fixed  standards  could 
not  be  rigidly  applied  to  all  waters  from  all  sources,  and  that  a 
certain  quantity  of  albuminoid  ammonia  invariably  accompanied 
the  brown  color  of  perfectly  wholesome  water  and  somewhat  in 
proportion  to  the  color,'  it  became  of  importance  to  be  able  to 
estimate  the  relative  depth  of  color  in  waters.  For  this  some 
standard  was  of  course  required.  Various  substances  have  been 
proposed  from  time  to  time,  such  as  solutions  of  caramel,  and 
metallic  solutions*  of  various  kinds.  Largely  on  account  of  its 
convenience  as  being  always  in  use  in  the  laboratory  and 
because  the  colors  matched  easily,  the  method  originally  sug- 
gested by  Prof.  A.  R.  Leeds,'  namely,  the  use  of  the  nesslerired 
ammonia  standards,  was  at  first  adopted  in  the  Laboratory  for 
Water  Analysis  of  the  Institute  of  Technology. 

It  occurred  to  one  of  us  to  prepare  considerable  quantities  of 
water  of  the  various  depths  of  color  most  frequently  met  with  in 
ordinary  routine  work,  and  to  use  these  as  standards  of  compari- 
son, of  course  based  upon  the  ammonia  standards  made  with  a 
Nessler  solution  which  gave  a  sufficiently  brown  tint.  An  addi- 
tional advantage  to  that  of  having  them  ready  at  a  moment's 
notice  was  that  the  colors  were  identical  and  no  mental  effort 
was  necessary  to  eliminate  the  slight  differences  in  tint  which 
almost  of  necessity  occurs  when  two  substances  of  unlike  com- 
position are  compared. 

Natural  water  standards  when  so  prepared  fade  in  time  like 
the  caramel  solutions,  even  when  carefully  covered  from  the 
light,  and,  although  sterilized  at  first,  the  bottles  cannot  remain 
so  when  opened  for  daily  use,  so  that  a  freshly  standardized  set 
is  required  as  often  as  once  in  six  months.  It  is  well  known 
that  the  Nesslerized  ammonia  standards  vsLvy  considerably  as 
prepared  in  different  laboratories  because  of  the  different  meth- 
ods of  making  up  the  Nessler  solution,  andnt  was  very  desirable 

I  T.  M.  Drown.  The  Interpretation  of  AnalyseR,  Mass.  State  Board  of  Health  Report. 
1890.  p.  566. 

a  Crookes.  OdIinK  &  Tidy,  CAem.  .Vews,  43.  174  ;  Hnren;  .tm.  C/trm.J..  14,  joo. 

s  Proceedingrs  Aiu.  Chem.  Soc.,  a,  8. 

4  Mr».  K.  H.  Richards.  Masn.  State  Board  of  Health  Report,  1.S90,  p.  5.;2. 
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to  find  some  standards  of  absolute  quantitative  value,  which 
could  be  applied  anywhere,  and  which  would  give  comparable 
results. 

Many  chemists  have  found  the  metallic  standard  of  platinum 
and  cobalt  satisfactory  for  tests  for  the  working  of  filters  and  where 
only  low  colors  are  dealt  with  ;  but  for  the  wide  range  of  colors 
met  with  in  our  work,  some  500  numbers  from  o.oi  to  5.00, 
we  cannot  match  two  such  different  combinations  of  colors  with 
any  degree  of  accuracy  in  the  higher  portions  of  the  scale. 

The  reason  is  evident,  and  it  is  equally  patent  in  all  forms  of 
color  measurement ;  *'  for  color  is  not  a  simple  physical  quan- 
tity like  weight  of  temperature,  but  a  physiological  effect  which 
varies  with  individual  peculiarities  and  bears  no  very  simple 
relation  to  the  physical  causes  which  produce  it."* 

The  constituents  of  the  resulting  matched  colors  also  may  be 
very  different  and  one  may  vary  more  than  the  other  under 
varying  conditions  of  light,  depth  of  column,  and  density. 

There  is  a  wide  field  for  experiment  in  the  physics  of  color- 
measurement  in  solution  and  which  in  view  of  the  increasing 
use  of  such  methods  in  quantitative  determinations  is  of  extreme 
importance  to  chemists.  Without  going  into  detail  on  this 
point,  one  instance  may  be  cited.  It  has  been  observed  in 
matching  Nessler  standards  that  the  readings  are  exact  only 
within  certain  limits;  for  instance,  colors  higher  than  those 
given  by  four  cc.  of  standard  ammonia,  o.ooooi  gram  in  one  cc. 
observed  in  a  column  of  nine  inches  in  depth,  are  very  difficult 
to  compare,  and  as  the  quantity  of  ammonia  increases  the  color 
becomes  more  and  more  red  until  the  point  of  precipitation  is 
reached.  That  is,  the  normal  eye  is  more  sensitive  to  certain 
shades  of  color  than  to  others  and  there  is  a  limit  to  the  depth 
of  color  which  can  be  correctly  estimated.  Also,  while  one 
solution  may  appear  redder  than  another  in  a  deep  column  it 
may  appear  less  red  in  another  of  a  less  depth.  For  example,  a 
natural  water  standard  of  color,  5.0  on  the  Nessler  scale  con- 
tains only  0.0005  per  cent,  dissolved  organic  matter.  A  solu- 
tion of  carbon  from   steel,   prepared  by  Stead's*  method,    is 

1  H.  R.  Proctor:/.  Soc.  Ck^m.  /nd.^  14,  a. 

*  J.  Iron  and  Steel  In«t,  188I3,  p.  ^13;  also  Blair's  Iron  Analysis,  p.  170. 
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Strongly  alkaline  and  contains  twenty  per  cent,  dissolved  salts. 
A  solution  of  caramel  is  nearly  the  same  in  character  as  the 
water,  and  a  strongly  acid  solution  of  platinum  and  cobalt  con- 
tains two-tenths  per  cent,  of  salts.  If  these  solutions  are 
matched  as  nearly  as  possible  by  the  eye  in  nine-inch  tubes  and 
then  the  tintometer  readings  are  taken,  it  is  found  that  the  ratio 
of  orange  to  excess  of  yellow  in  the  water  standard  is  as  one  to 
I.2I,  or  the  color  is  yellow  orange. 

The  ratio  in  the  solution  of  the  carbon  from  steel  is  one  to 
1.38,  or  a  slightly  yellower  orange  ;  the  ratio  in  the  caramel  is 
one  to  1.42.  while  in  the  platinum  cobalt  it  is  one  to  1.6,  or  a  de- 
cidedly 3-ellow  orange. 

It  will  be  evident  therefore,  w^hy  an  optical  instrument  of  pre- 
cision which  promised  to  furnish  a  universal  standard  applica- 
ble anywhere,  was  eagerly  welcomed. 

The  tintometer  devised  by  Joseph  W.Lovibond,  of  Salisbury, 
England,  was  examined  by  Dr.  T.  M.  Drown  in  the  inventors 
laboratory,  and  an  instrument  was  imported  for  the  use  of  the 
State  Board  of  Health. 

It  consists  of  two  tubes  side  by  side  with  openings  at  one  end 
and  divided  by  a  central  taper  partition  terminating  with  a  knife 
edge  at  the  eye  piece,  which  it  divides  equally  in  such  a  way 
that  on  looking  through  the  e^'e  piece  the  two  openings  are  sim- 
ultaneously visible.  The  liquid  is  placed  in  cells  of  definite 
lengths,  one  inch,  two  inches,  up  to  twenty-four  inches.  The 
standards  consist  of  three  sets  of  graded  colored  glasses,  red, 
yellow  and  blue,  numbered  according  to  their  depth  of  color. 

'  *  By  using  several  superimposed  glasses  from  a  set,  a  depth  of 
color  is  represented  by  the  aggregate  of  tint  number  on  the  glasses 
used,  whilst  glasses  from  different  sets  produce  a  composite  color, 
and  the  exact  proportion  of  each  component  color  can  be  read 
off." 

The  use  of  the  Lovibond  instrument  in  our  hands  has  been 
confined  first,  to  the  detennination  of  the  color  scale  which  has 
been  in  use  for  the  past  eight  years  in  the  laboratory  for  water 
analysis  of  the  Institute  of  Technology,  and  by  which  the  num- 
bers found  in  the  reports  of  the  Mass.  State  Board  of  Health,  in 
the  tabulated  result  of  15,000  samples,  have  been  obtained  ;  and 
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secondly,  to  a  color  comparison  of  some  other  substances 
in  order  to  find  some  standard  by  which  a  quantitative  estima- 
tion of  the  carbon  present  may  be  made. 

Tlie  natural  water  color  standards  are  prepared  by  dilution  of 
a  highly  colored  surface  water  with  distilled  water.  At  certain 
points  in  the  scale  the  dilution  is  such  that  when  the  colors  are 
read  in  50  cc.  tubes  they  match  Nesslerized  ammonia  (o.oi  mg. 
ammonia  per  cc.)  standards  read  in  the  same  volume  and  depth 
(23.5  cin.)  The  points  in  the  scale  at  which  this  matching  is 
made  are  at  0.2,  0.5,  1.3,  1.8  and  2.0. 

Above  the  color  standard  of  2,0  the  scale  is  prepared  by  dilu- 
tion of  the  highly  colored  water  in  such  a  manner  as  to  have  the 
quantity  of  color  proportionate  to  the  depth  in  which  the  reading 
is  made.  For  example,  a  color  of  4.0  is  prepared  so  that  when 
read  in  one-half  the  usual  depth,  (1.  e.y  11.75  cm.)  it  matches  a 
color  of  2.0  read  in  the  full  depth  (23.5  cm.) . 

Prom  the  color  0.00  (distilled  water)  up  to  0.2,  and  for  the 
intervals  between  the  points  matched  against  the  Nesslerized 
ammonia  standards,  the  gradation  is  made  by  the  eye. 

The  standard  colors  to  be  measured  by  the  tintometer  were 
prepared  in  this  way,  and  were  read  in  four  different  lengths  of 
cell-  Colors  from  0.00  in  the  scale  to  0.3  inclusive,  were  read  in 
a  tw^enty-four  inch  cell,  from  0.3  to  1.5  in  a  six  inch  cell,  from 
1 .5  to  4.0  in  a  two-inch  cell,  and  from  4.0  upwards  in  a  one  inch 
cell.  This  method  permitted  the  readings  for  the  **  standard 
yellow  glasses  '*  to  be  kept  within  4.0  of  the  tintbmetric  scale. 
This  is  desirable  for  the  reason  that  the  eye  is  liable  to  be  less 
sensitive  in  reading  above  4.0  of  the  **  yellow  standard  glasses  '* 
than  below  that  limit. 

The  following  condensed  table  (No.  i.)  gives  the  readings  of 
the  laboratory  standards.  The  measurements  are  tabulated  for 
convenience  in  units  of  yellow,  red  and  blue  of  the  tintometric 
scale.  It  must  be  understood,  however,  that  the  color  transmitted 
to  the  eye  when  red  and  yellow  glasses  alone  are  used,  and  when 
the  number  of  units  of  yellow  exceed  those  of  the  red,  is  orange 
mixed  with  yellow.  If  yellow  and  blue  glasses  are  used  together, 
the  color  transmitted  is  violet  with  a  mixture  of  blue  or  yellow, 
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as  the  case  may  be,  depending  upon  the  preponderance  of  one  or 
the  other  of  those  colors.  A  neutral  tint  unit  is  obtained  by  a 
combination  of  three  equal  color  units.  Therefore,  if  the  three 
colors  are  used,  black  or  a  decrement  of  normal  white  light  is 
obtained. 

TABI,E  NO.  I. 
Readings  of  the  Tintometer  "Standard  Glasses"  for  Yellow, 
Red  and  Bi«ue,  with  the  Different  Lengths  of  Cells  Used. 
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If  the  color  sensations  were  transmitted  uniformly,  then,  hav- 
ing obtained  a  reading  in  a  given  length  of  cell  for  a  color  of  0.2 
a  color  of  0.6  would  give  three  times  as  much  yellow  and  three 
times  as  much  red,  and  a  color  of  1.8  would  give  nine  times    as 
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much  yellow  and  nine  times  as  much  red,  but  as  a  matter  of  fact 
the  actual  reading  shows  sixteen  times  as  much  yellow   and 
eight  and  two-tenths  times  as  much  red. 
The  following  table  will  show  this  more  distinctly  : 

RRADING  of  0.2  COT/)R  IN  TWENTY-FOUR  INCH  CBLI«sb  2.40  YHLU)W,  O.80 

Red. 

Calculated  readingit.  Observed  readiugrs. 

Yellow.       Red.  Yellow.       Red. 

Color 0.6  7.20         2.40  7.60         2.40 

1.0        11.00       4.00  15.53       3.65 

1.8        22.80         7.20  38.49        6.60 


II 


Therefore,  in  the  case  of  a  higher  color  a  shorter  length  of 
cell  is  used,  so  that  the  readings  may  be  always  made  with 
lighter  colored  glasses. 

The  second  table  (No.  2)  represents  the  differences  for  each 
tenth  of  color  in  the  natural  water  standard  scale,  beginning 
with  0.00  and  running  to  5.0,  as  measured  by  the  tintometer 
*' standard  glasses"  for  both  yellow  and  red.  In  one  column 
is  shown  the  estimated  difference  for  yellow  and  red,  if  the 
increase  in  any  section  were  proportional  to  the  numerical 
increase  of  the  natural  water  standard  scale.  The  basis  for  cal- 
culation is  arbitrary  for  each  section.  (The  section  here  is  the 
division  made  by  reading  in  the  ^different  lengths  of  cell.)  The 
basis  of  calculation  for  the  first  section  (twenty-four  inch  cell) 
is  the  color  standard  (o.i)  which  reads  yellow  1.20,  red  o.io. 
For  the  six  inch  cell  the  color  0.3  which  reads  yellow  0.80,  red 
0.30,  For  the  two  inch  cell,  the  color  0.5,  which  reads  yellow 
1.20,  red  0.60,  and  for  the  one  inch  cell,  the  color  4.0  which  reads 
yellow  1.6,  red  0.80.  It  will  be  seen  that  the  estimated  and 
observed  differences  agree  quite  well  and  indicate  a  regular 
increment  of  color  as  the  scale  ascends. 

Considering  the  fact  that  we  have  had  the  instrument  in  our 
hands  for  a  few  months  only  and  that  we  have  been  able  to  give 
to  it  only  the  odds  and  ends  of  time  which  a  full  daily  routine 
left  at  our  disposal,  and  therefore,  that  we  cannot  claim  to  have 
as  yet  perfectly  trained  eyes,  the  results  are  very  encouraging, 
especially  as  in  the  case  under  consideration,  we  have  to  deal 
with  a  mixture  of  very  impure  colors. 


TABLE  NO.  2. 

Differences  in  the  Tintumetric  Readings  of  Red  and  Yelw)'w 
FOR  Each  Tenth  of  Coi,or  in  the  Natural  Water 
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Table  No.  i  will  at  least  serve  as  a  rapid  method  for  the 
standardizing  of  the  stock  bottles  of  natural  waters,  as  the 
observer's  eye  becomes  trained  and  more  knowledge  is  obtained 
of  the  conditions  which  influence  readings,  a  more  perfect  scale 
may  be  constructed. 

The  direct  use  of  the  instrument  with  the  construction  of  a 
chart  for  each  water,  is  evidently  out  of  the  question  where, 
as  in  our  laboratory,  the  color  must  be  determined  on  twenty 
or  thirty  samples  a  day. 

A  modification  of  the  tintometer  has  been  proposed  by  H.  R. 
Proctor,  Yorkshire  College,  Leeds,  England.' 

This  is  designed  to  bring  the  color  patches  into  juxtaposition 
as  is  done  in  the  comparison  of  two  spectra  instead  of  having  the 
separating  dark  band  in  the  centre.  We  have  not  been  able  to 
try  this  instrument,  but  it  promises  to  be  an  improvement. 


[Contributions  from  the  Chemicai.  Laboratory  of  the  U.  S.  Depart- 
ment of  Agricui^turk,  No.  15.] 

ON  THE    ESTIMATION    OF   LEVULOSE   IN  HONEYS  AND 

OTHER  SUBSTANCES. 

By  H.  W.  Wiley. 

Kcceived  September  30,  1893. 

A  SIMPLE  optical  method  for  the  estimation  of  levulose  is 
of  great  advantage  in  the  examination  of  honeys  and  other 
substances  containing  that  body.  The  following  optical  method 
is  one  of  easy  application  when  the  analyst  has  access  to  the 
jacketed  observation  tube,  which  will  be  mentioned  below. 

The  principle  of  the  process  rests  upon  the  change  in  the 
specific  rotatory  power  of  levulose  at  different  temperatures. 
The  change  in  the  optical  rotation  of  other  bodies  associated 
with  levulose  in  the  conditions  of  the  experiments  to  be 
described  is  so  little  as  to  affect  the  data  obtained  to  a  very 
slight  degree.  The  process,  as  it  has  been  worked  out,  is  easily 
applied  and  gives  results  which  it  is  believed  are  better  than 
those  obtained  by  any  other  method. 

TTie  Observation  Tube, — The  most  important  adjunct  of  a 
mechanical  nature  in  the  process  is  an  observation  tube  which 
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will  permit  of  the  polarimetric  reading  of  a  solution  containing 
levulose  at  widely  separated  temperatures.  The  two  tempera- 
tures adopted  for  experimental  purposes  are  zero  and  88*.  The 
obser\'ation  tube  which  was  devised  for  the  purpose  is  so  con- 
structed as  to  permit  of  its  being  surrounded  entirely  by  a  tem- 
perature control  medium,  either  water  or  ice.  Even  the  cover 
glasses  of  the  tube  devised  are  subjected  to  the  temperature  of 
the  medium.  The  whole  column  of  liquid  under  obserx'ation 
can  in  this  wa}'  be  brought  to  the  same  temperature,  thus  not  only 
securing  more  accurate  results,  but  removing  the  difficulties  in 
the  way  of  reading,  produced  by  the  refraction  of  light  in  pass- 
ing through  liquid  media  of  different  densities.  The  observa- 
tion tube  employed  can  be  made  either  of  glass  or  metal.  The 
glass  tube  changes  less  in  length  on  changing  temperatures,  but 
the  metal  tube  is  more  sensitive  and  can  be  brought  with  its 
contents  more  quickly  to  a  definite  temperature.  A  tube,  espec- 
ially constructed  for  the  purpose  and  made  of  silver,  is  particularly 
convenient  in  the  observation  of  solutions  which  have  been 
inverted  by  the  action  of  hydrochloric  acid.  When  metal  tubes 
are  used  the  continuous  kind  is  employed,  permitting  the  dis- 
placement of  one  solution  by  another  without  the  removal  of  the 
tube  from  its  position.  The  length  of  the  tube  at  ordinary  tem- 
perature having  been  determined,  correction  is  made  for  linear 
expansion  or  contraction  at  the  temperature  of  observation.  At 
low  temperatures  it  is  impossible  to  use  an  observation  tube  of 
ordinary  construction  on  account  of  the  deposition  of  moisture 
upon  the  cover  glasses.  This  difficulty  is  entirely  overcome 
by  attaching  to  the  ends  of  the  observation  tube,  by  means  of  a 
threaded  screw,  a  tube  made  of  hard  rubber  carrying  a  central 
axis  of  perforated  brass  of  the  same  dimensions  as  the  diameter 
of  the  observation  tube  outside  of  which  are  placed  f  rag^ments 
of  calcium  chloride.  The  end  of  the  tube  is  covered  air-tight 
with  an  ordinary  cover  glass.  Being  screwed  air-tight  upon  the 
observation  tube  the  calcium  chloride  at  o\ice  ab.sorbs  all  the 
moisture  within  the  hard  rubber  cylinder  and  thus  completely 
protects  the  cover  glass  from  the  deposition  of  water.  Pro- 
tected in  this  way  the  observation  tube  can  be  kept  for  hours  at 
the  temperature  of  zero,  without  any  possibility  of  obscuring  the 
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field  of  vision  from  deposited  moisture.  The  construction  of  the 
protecting  tube,  together  with  the  method  of  its  attachments  to 
the  observation  tube,  is  shown  in  the  figure. 


Pig.  I. — ^Apparatus  for  Polarizing  Liquids  at  Low  Tkmpekatures. 

For  reading  at  low  temperatures,  especially  at  zero,  the 
observation  tube  is  held  in  a  large  metal  receptacle  coated  on  the 
outside  with  asbestos  cloth  and  having  a  V-shaped  slit  above.  A 
special  stand  is  made  for  holding  this  apparatus  to  which 
is  also  fixed  the  optical  parts  of  a  double  compensating  Schmidt 
&  Haensch  half  shadow  polariscope.  The  construction  of  the 
stand  and  of  the  holder  for  the  obser\*ation  tube  is  shown  in  the 
figure,  in  which,  however,  the  V-shaped  slit  is  pushed  down  to 
one  side  in  order  that  the  photograph  may  show  the  position 
of  the  observation  tube  within.  In  practice  the  V-shaped  slit  is 
kept  at  the  top  and  the  observation  tube  is  entirely  surrounded 
by  finely  ground  ice,  an  opening  in  the  bottom  permitting  the 
water  to  escape  as  the  ice  melts. 

The  details  of  the  construction  of  the  observation  tube  are 
shown  in  a  horizontal  section  through  the  center  of  the  obser\-a- 
tion  tube  in  Fig.  2.  In  this  figure  the  observation  tube,  made  of 
glass  or  metal,  is  represented  by  /,  and  the  metal  jacket,  open  at 
the  top  in  the  V  shape  as  described,  by  k.  The  observation  tube 
is  closed  by  the  heavy  disk  b,  made  of  non  polarizing  glass. 
This  disk  is  pressed  against  the  end  of  the  obser\'ation  tube  by 
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the  rubber  washer  a  when  the  drying  system  about  to  be 
described  is  screwed  on  to  k.  The  apparatus  for  keeping  the 
cover  glass  dry  is  contained  in  the  hard  rubber  tube  w,  and  con- 
sists of  a  perforated  cylinder  of  brass,  e,  supported  at  one  end  by 
the  perforated  metal  disk  c  and  at  the  outer  end  by  the  arm  d.  It 
is  closed  by  a  cover  glass  of  non-polarizing  glass  s  and  can  be 
screwed  on  to  the  system  A  at  «.  The  space  p  is  filled  -witb 
coarse  fragments  of  caustic  soda,  or  potash,  or  calcium  chloride 
by  removing  the  cover  glass  s.  The  perforated  disk  c  prevents 
any  of  the   fragments  from   entering  the  axis  of  observation. 


Fig.  2.— Details  of  Observation  Tube. 

When  the  cover  glass  s  is  replaced,  it  just  touches  the  free  end 
of  the  perforated  metal  tube  preventing  any  of  the  fragments  of 
the  drying  material  from  falling  into  the  center  at  the  outer  end. 
When  this  drying  tube  is  placed  in  position,  the  contents  of  the 
observation  tube  i  can  be  kept  at  the  temperature  of  zero  for  an 
indefinite  time,  without  the  deposition  of  a  particle  of  moisture 
either  upon  the  glass  b  or  s. 

For  observation  at  high  temperatures,  the  apparatus  described 
above  may  be  used  or  it  may  be  removed  from  the  stand,  which 
is  so  constructed  as  to  receive  a  large  box  covered  with    as- 
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bestos  felt  an  inch  thick.  The  observation  tube  is  held  within 
this  box  in  the  same  way  as  in  the  one  jtist  described  so  that 
the  hot  water  extends  not  only  the  entire  length  of  the  tube  but 
also  covers  the  cover  glasses.  In  both  cases  the  cover  glasses 
are  made  of  heavier  glass  and  are  much  larger  in  diameter  than 
are  the  ordinary  tubes  for  polariscopes.  The  protecting  cylin- 
ders of  hard  rubber  are  not  needed  at  high  temperatures,  but 
can  be  left  on  without  detriment. 

The  illustration,  Fig.  3,  shows  the  arrangement  of  the  appara- 
tus with  a  silver  tube,  Which  can  be  filled  and  emptied  without 
removing  it.  in  position. 


Fig.  3.— Poi.AXiKaP>  fob  I.rvclo*b  at  Hi<ih  Tehpbraturbh. 

Id  practice  the  water  is  healed  with  a  jet  of  steam  and  an 
e\'en  temperature  is  secured  by  a  mechanical  stirrer,  kept  slowly 
in  motion.  With  such  a  box  it  is  easy  to  keep  a  temperature  for 
several  hours  which  will  not  vary  more  than  half  a  degree.  The 
temperature  for  reading  the  hot  solutions  is  fixed  at  88".  this 
being  the  one  at  which  a  mixture  of  equal  molecules  of 
levulose  and  dextrose  is  optically  inactive.  In  everj-  case  the 
sugar    solutions  are  made  up  to  the  standard  volume   at  the 
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temperatures  at  which  they  are  to  be  read,  and  thus  the  varia- 
tions due  to  expansion  or  contraction  are  avoided.  When 
solutions  are  to  be  read  at  a  high  temperature,  they  must  be 
made  with  freshly  boiled  water  so  as  to  avoid  the  evolution  of 
air  bubbles  which  may  otherwise  obscure  the  field  of  vision. 

By  means  of  the  apparatus  described  it  is  easy  for  the  analyst 
to  make  a  polari metric  reading  at  any  temperature  desired.  In 
all  cases  the  observation  tube  should  be  left  at  least  half  an  hour 
and  sometiriies  longer,  in  contact  with  the  temperature  control 
medium  before  the  reading  is  made.  In  the  case  of  reading  at 
zero  it  is  also  found  that  it  requires  several  hours  for  a  levu- 
lose  solution  containing  other  bodies,  such  as  are  found  in 
honey,  to  reach  a  constant  rotatory  power.  It  is  therefore 
necessary,  in  such  cases,  to  leave  the  observation  tube  in  contact 
with  finely  powdered  ice  for  at  least  three  hours  before  the  read- 
ing is  made.  For  ordinary  analytical  operations,  however,  this 
long  delay  is  unnecessary. 

The  appearance  of  the  field  of  vision  is  usually  a  pretty  fair 
index  of  the  point  of  time  at  which  a  constant  temperature  is 
established  throughout  all  parts  of  the  system.  Any  variation 
in  temperature  produces  a  distortion  of  the  field  of  vision,  while 
a  constant  fixed  temperature  will  disclose  the  field  of  vision  in 
its  true  shape  and  distinctness  of  outline. 

The  chief  points  of  novelty  in  the  apparatus  described  are,  first, 
the  immersion  of  the  whole  of  the  observation  tube  together 
with  the  cover  glasses  in  the  temperature  medium  used ;  and 
second,  the  protection  of  the  external  surfaces  of  the  cover 
glasses  from  the  deposition  of  moisture  at  low  temperatures. 

PRINCIPLES  OF  THE  CALCULATION. 

If  26.048  grams  of  pure  sucrose  be  dissolved  in  water  and  the 
volume  made  up  to  100  cc.  it  will  produce  an  angular  rotation 
of  34.68°  when  examined  in  a  200  mm.  tube  with  polarized 
sodium  monochromatic  light.  Upon  the  cane  sugar  scale  of  an 
accurately  graduated  Schmidt  and  Haensch  shadow  instrument 
the  reading  will  be  100  divisions,  corresponding  to  looper  cent, 
of  pure  sucrose. 


I^rEVULOSE   IN   HONEY,   ETC.  87 

In  the  complete  inversion  of  the  cane  sugar  the  reaction  which 
takes  place  is  represented  by  the  following  formula  : 

-  + 

C»H„0..  +  H,0  =  C.H,  A  +  C.H„0.- 

The  minus  and  plus  signs  indicate  that  the  resulting  invert 
sugar  is  a  mixture  of  equal  parts  of  levulose  (/fructose)  and 
dextrose  (rf glucose).  We  are  not  concerned  here  with  the  fact 
that  a  complete  inversion  of  cane  sugar  is  a  matter  of  great  diffi- 
culty nor  with  the  danger  which  is  always  experienced  of 
destroying  a  part  of  one  of  the  products  of  inversion.  They  are 
matters  which  may  cause  a  variation  in  the  analytical  data  after- 
ward, but  do  not  affect  the  principles  on  which  the  process  is 
based. 

In  the  inversion  of  26.048  grams  of  cane  sugar  there  are 
therefore  produced  13.71  grams  of  levulose  and  13.71  grams  of 
dextrose,  or  in  all  27.42  grams  of  the  mixed  sugars. 

The  angular  rotation  which  would  be  produced  with  sodium 
light,  by  13.71  grams  of  dextrose  in  a  volume  of  100  cc.  and 
through  a  column  200  mm.  in  length  is,  14.53'',  equivalent  to 
41.89  divisions  of  the  cane  sugar  scale.  The  specific  rotatory 
power  of  dextrose  solution  of  the  density  given  is  almost  exactly 
53,  and  this  number  is  used  in  the  calculations. 

In  a  mixture  of  the  two  sugars  under  the  conditions  men- 
tioned and  at  a  temperature  of  o"",  the  angular  rotation  observed 
is — 15.15**  equivalent  to  43.37  divisions  of  the  cane  sugar  scale. 

The  -|-  rotation  due  to  the  dextrose  present  is  14.53''.  There- 
fore, the  total  negative  rotation  due  to  levulose  at  o"*  is  15.15  -}- 
14.53  =  29.68"*.  The  specific  rotatory  power,  therefore,  of  levu- 
lose at  o**  and  in  the  degree  of  concentration  noted  is  readily 
calculated  from  the  formula 

_(«)o  =  _?9:68_>^ioo^  ^^3^^ 

2  X  13.71 

Since  at  88"  the  mixture  of  levulose  and  dextrose  is  neutral  to 
polarized  light,  it  follows  that  at  that  temperature  the  specific 
rotatory  power  of  levulose  is  equal  to  that  of  dextrose,  tnz. :  53°. 

-(a)  88°  = -53". 
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The  total  variation  in  the  specific  rotatory  power  of  levulose, 
between  zero  and  88"*,  is  108.24 — 53=55-24°.  The  variation  for 
each  degree  of  temperature,  therefore,  of  the  specific  rotatory 
power  of  levulose  is  equal  to  55.24  divided  by  88,  which  is  equal  to 
0.628®.  From  these  data  it  is  easy  to  calculate  the  specific  rotatorj- 
power  of  levulose  for  any  given  temperature.  For  instance,  let 
it  be  required  to  determine  the  specific  rotatory  power  of  levu- 
lose at  a  temperature  of  20".  It  will  be  found  equal  to  108.24 — 
0.628  X  20  =  95.68"*. 

In  these  calculations  the  influence  of  the  presence  of  hydro- 
chloric acid  upon  the  rotatory  power  of  the  levulose  is  neglected. 

Since  the  variation  in  angular  rotation  in  the  mixture  at  dif- 
ferent temperatures  is  due  almost  wholly  to  the  change  in  this 
property  of  the  levulose,  it  follows  that  the  variation  for  each 
degree  of  temperature  and  each  per  cent,  of  levulose  can  be  cal- 
culated. Careful  experiments  have  shown  that  the  variation  in 
the  rotatory  power  of  levulose  between  0°  and  88"*  is  represented 
by  a  straight  line.  For  13.71  grams  per  100  cc.  the  variation 
for  each  degree  of  temperature  is  equal  to  43.37  -^  88  =  0.49 
division  on  the  cane  sugar  scale  or  15.15  -7-  88  =  0.1722°  angu- 
lar measure.  If  13.71  grams  of  levulose  in  100  cc.  produce  the 
deviations  mentioned  for  each  degree  of  temperature,  one  gram 
would  give  the  deviation  obtained  by  the  following  calculations : 

For  the  cane  sugar  scale, 

0.49—  13-71=0.0357° 

And  tor  angular  rotation, 

0.1722  -=-  13.71  =  0.01256°. 

The  above  data  afford  a  simple  formula  for  calculating  the 
percentage  of  levulose  present  from  the  variation  observed  in 
polarizing  a  solution  containing  levulose,  provided  that  the  quan- 
tity of  levulose  present  is  approxim^ely  fourteen  grams  per 
100  cc. 

Suppose  in  a  given  case  the  difference  of  reading  between  a 
solution  containing  an  unknown  quantity  of  levulose  at  0°  and 
88"*  is  equal  to  thirty  divisions  of  the  cane  sugar  scale.  What 
weight  of  levulose  is  present  ?  We  have  already  seen  that  one 
gram  in  100  cc.  produces  a  variation  of  0.0357  division  for  f . 
For  88"   this   would   amount  to   3.1416   divisions.     The  total 
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weight  of  levulose  present  is  therefore  30-^-3.1416  =  9.549 
grams.  In  the  case  given  26.048  grams  of  honey  were  taken 
for  the  examination.  The  percentage  of  levulose  was  therefore 
9.549  -r  26.048  =  36.66  per  cent. 

If  it  be  inconvenient  to  determine  the  polarimetric  observa- 
tions at  temperatures  so  widely  separated,  as  0"*  and  88^  the 
interval  may  be  made  less.  In  the  above  case  if  the  readings 
had  been  made  at  20^  and  70^  the  total  variation  would  have 
been  only  50/88  of  the  one  given,  viz. :  17.05  divisions  of  the 
cane  sugar  scale.  The  calculation  would  then  have  proceeded 
as  follows : 

0.0357  X  50=  1.785- 

Then  17.05  -r  1.785  =  9.552  grams  of  levulose,  from  which 
the  actual  percentage  of  levulose  can  be  calculated  as  above. 

For  honeys  the  operation  is  to  be  conducted  as  follows : 

Since  honeys  contain  approximately  twenty  per  cent,  of  water 
and  in  the  dry  substance  have  approximately  forty-five  per  cent, 
of  levulose,  about  38.50  grams  of  the  honey  should  be  taken  to 
get  approximately  13.8  gram  of  levulose. 

In  the  actual  determination  the  calculations  may  be  based  on 
the  factors  above  noted,  but  without  respect  to  the  degree  of  con- 
centration. If  only  half  the  quantity  of  dextrose  noted  be  pres- 
ent its  specific  rotatory  power  is  only  reduced  to  52.75®  and  this 
will  make  but  little  difference  in  the  results.  In  the  case  of 
honey  only  13.024  grams  of  the  sample  are  used  in  the  exam- 
ination, half  the  normal  weight  for  the  Ventzke  sugar  scale. 
The  error  however  due  to  difference  in  concentration  is  quite 
compensated  for  by  the  ease  of  clarificatioil  and  manipulation. 
Alumina  cream  alone  is  used  in  the  clarification,  thus  avoid- 
ing tUe  danger  of  disturbing  the  rotatory  power  of  the  solution 
due  to  the  presence  of  an  excess  of  lead  acetate. 

An  interesting  fact  is  observed  in  cooling  solutions  of  honey 
to  o"*.  The  maximum  left-handed  rotation  is  not  reached  as 
soon  as  the  temperature  reaches  o®,  but  only  after  it  has  been 
kept  at  that  temperature  for  two  or  three  hours.  The  line 
representing  the  changes  in  rotatory  power,  in  solutions  of  honey 
between  o*  and  88*,  is  practically  straight  but  from  10**  to  o*,  if 
measured  by  the  readings  taken  without  delay,  it  is  decidedly 
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curved ;  the  reading  being  less  at  fiist  than  it  really  is  after- 
wards. After  three  hours  the  o"  becomes  sensibly  constant  and 
then  the  whole  line  is  nearly  straight  but  still  with  a  slight 
deficiency  in  the  reading  at  the  o°.  For  this  reason  the  compu- 
tations should  be  based  on  readings  between  o'  and  88°  rather 
than  on  a  number  covering  the  whole  range  of  temperature. 
Nevertheless,  if  the  solution  be  kept  at  o"  for  three  hours  before 
the  final  reading  is  taken  no  error  of  any  practical  magnitude 
can  be  introduced. 

The  calculations  given  above  for  the  cane  sugar  scale  can  also 
be  made  in  an  exactly  similar  manner  for  angular  rotation. 
The  angular  variation  produced  by  one  gram  of  levulose  for  i° 
of  temperature  130.01256°.  For  88°  this  would  become  1.10528°. 
Suppose  the  total  observed  angular  deviation  in  a  given  case 
between  0°  and  88°  to  be  10.404'.  Then  the  weight  of  levuloae 
present  is  104.04 -r  1.10529  =  9.413  grams. 

In  the  case  mentioned  36.048  grams  of  honey  were  taken  for 
the  examination.  The  percentage  of  levulose  present  therefore 
was  9.413  -T-  26.048  =.36.13. 

GENERAL   FORMULA   FOR  THE  CALCULATION   OF    PBRCBNTAGB 
OF  LEVULOSB. 

Let  /C=  deviation  in  divisions  of  cane  sugar  scaleor  in  angular 
rotation  produced  by  one  gram  of  levulose  for  1°  tem- 
perature. 

Let  T'and  /*=  temperatures  at  which  observations  are  made. 

Let  /i^  observed  deviation  in  rotation. 

Let  W=  weight  of  levulose  obtained. 

Let  Z,=  per  cent,  of  levulose  required. 

Then  /  —  -^  ur 

JC{T—e)     • 
In  most  genuine  honeys  the  value  of  R  between  0°  and  88°  is 
approximately  thirty  divisions  of  the  cane  sugar  scale  or  10' 
""""Jar  measure  for  26.048  grams  in  100  cc.  read  in  a  200  mm. 
or  for  13.024  grams  in  100  cc.  read  in  a  400  mm.  tube. 
le  method  of  analysis  outlined  above  has  been  applied  in 
xammation  of  a  large  number  of  honeys  with  most  satisfac- 
results.     It  can  also  be  applied  with  equal  facility  to  other 
tances  containing  levulose. 


N0TE5  ON  A  FEW  PYRIDINE  ALKYL  IODIDES.' 

BT  AXBB&T  B.  Prbscott. 
Rflcctwd  NovMDbcr  17, 1899* 

PYRIDINE  MBTHYI,  lODIDB.' 

Prtparaiicn. — Of  rectified  pyridine,  boiling  at  Ii6**-ii8**  C, 
fifteen  cc.  are  taken  in  a  flask  immersed  in  cold  water  and  carry- 
ing a  reflux  condenser,  and  twelve  cc.  methyl  iodide  added,  in 
very  small  portions  at  first,  when  the  reaction  is  violent.  Boil- 
ing is  moderated  by  the  rate  of  the  addition.  After  standing 
half  an  hour,  the  resulting  crystalline  mass,  light  straw  colored, 
is  wanned  on  the  water-bath  without  the  condenser,  and  more 
methyl  iodide  very  gradually  added  until,  as  a  result,  the  odor 
of  p3rridine  disappears.  Any  excess  of  methyl  iodide  is  distilled 
oS  on  the  water-bath.  The  mass  is  now  dissolved  in  sufficient 
warm  absolute  alcohol,  from  which  it  crystallizes  on  cooling, 
and  the  product  recrystallized  in  the  same  way  several  times, 
until  colorless  crystals  are  obt&ined.  Colorless  crystals  are 
sometimes  obtained  in  the  second  crystallization.  From  alcohol 
of  ninety  to  ninety-five  per  cent,  strength  the  crystallization  is 
mach  less  satisfactory.  The  mother  liquids,  on  the  addition  of 
ether,  yield  a  considerable  precipitate  of  the  product,  and  this 
can  be  crystallized  from  absolute  alcohol. 

Properties, — The  crystals  are  flat  pencils,  sometimes  aggre- 
gated in  rosettes.  They  are  very  soluble  in  water,  soluble  in 
alcohol,  methyl  alcohol,  chloroform,  acetone,  and  in  glacial 
acetic  acid ;  not  soluble  in  ether,  or  benzene,  or  carbon  disul- 
phide.  The  crystals  are  very  slowly  deliquescent,  to  a  degree 
scarcely  affecting  weight  after  several  hours  exposure  to  the  air. 
The  melting  point  is  1 17*  C. 

1  Read  at  the  Springfield  meeting  of  the  American  Aasociation  for  the  Advancement 
of  Science,  Aug.  30, 1895. 

>  Prom  the  experimental  work  of  Mr.  P.  P.  Trowbridge.  Anderaon  stated  the  addi- 
the  reaction  of  pyridine  with  alkyl  iodides  in  1855.  In  making  such  an  addition-product, 
u  a  means  of  distinguishing  pyridine  from  its  homolognes  in  analysis,  he  took  ethyl 
Iodide,  Amn,  Chtm.  (Licbig),  94, 364.  Hofmann  resorted  to  pyridine  in  his  study  of  the 
reaction  of  dihalogen  substituted  hydrocarbons  with  tertiary  bases,  but  not  earlier,  that 
I  have  been  able  to  find.— /^/  .*  Proc.  Roy.  Soc.,  11,  a6x.  O.  Lange,  in  18815,  in  the  course 
of  work  on  the  formation  of  picolines  by  Ladenburg's  method  of  transposition,  gives 
■QOie  account  of  pyridine  methiodide.— .&r.  tf.  cMrm.  Ges.,  18,  3436.  O.  de  Coninck,  in 
tt^  proposed  the  additive  reactions  with  methyl  iodide  in  contrast  with  those  of  ethyl 
bdide  for  distinction  between  pyridine  derivatives  and  quinoline  derivatives.— .AfJ/.  Soe, 
».  W.  40,  376. 
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PYRIDINE  ETHYL  IODIDE.' 

Preparation. — It  has  been  directed  to  bring  about  the  addition 
of  ethyl  iodide  to  pyridine  by  heating  the  mixture  of  the  two  in 
sealed  tubes.  Trial  was  made  of  three  ways,  ( i )  by  heating  in 
sealed  tubes  at  120°  C;  (2)  by  heating  in  pressure  flasks  at 
100°  C, ;  (3)  byoccasionallyshaking  in  aflask  at  the  temperature 
of  the  room.  The  last  stated  method  gives  much  the  best 
results.  The  ethyl  iodide  should  be  taken  in  a  alight  excess  o( 
the  chemical  proportion,  and  added  all  at  once.  With  consider- 
able quantities  the  heat  of  chemical  action  after  a  short  time 
needs  to  be  moderated  by  cooling,  to  prevent  vaporization  of  the 
materials.  The  action  is  usually  complete  within  two  hours, 
the  contents  of  the  flask  becoming  solid.  The  crystalline  mass 
is  dissolved  tn  enough  warm  absolute  alcohol,  and  crystallized, 
more  perfectly  by  the  low  temperature  of  a  freezing  mixture, 
recrystallizing  until  white.  Addition  of  ether  to  the  absolute 
alcoholic  solution  causes  crystalline  precipitation,  and  in  this 
way  the  mother  liquids  may  be  made  to  yield  final  portions. 
Like  addition  of  chloroform  precipitates  an  oily  mass. 

Properties. — The  crystals  are  colorless  plates,  permanent  or 
slightly  deliquescent,  soluble  in  water,  alcohol,  methyl  alcohol, 
acetone,  and  glacial  acetic  acid,  from  which  it  crystallizes,  and 
slightly  soluble  in  ethyl  acetate ;  insoluble  in  ether,  benzene, 
carbon  disulphide,  and  in  chloroform.  The  melting  point  i» 
90.5°  C. 

PYRIDINE  PROPYL  IODIDE,'  C,H,N.CH,CH,CH,I. 

Preparation. — Pyridine  rectified  to  boil  at   Ii6,5''-ii8.5'',  and 
normal  propyl  iodide  distilling  at  102°  C.,are  taken  in  molecular 
proportions  of  the  two,  but  with  a  slight  excess  of  the  iodide. 
The  two  are  digested  together  under  pressure  in  a  sealed  tube 
"     '  hour.     On  cooling  the  resulting  yellowish 

warm  absolute  alcohol,  from  which  plate- 
addition  product  separate  on  cooling.    If 

il  work  ol  p.  F.  Tnwbrid(e  Id  thii  labormtorj.  T.  Aiiil«r- 
■,  Edint..  ti,  (4)  57, ;  Amm.  Cktm.  (Uebl().  94,  36*.  O.  dc 
Ui.  III.  4(W  »:« 

■1  iludic9  ot  Mt.  S.  H.  B«eT.  In  Ladcnbur^'a  acconiU  ol  the 
ine  hj-driodide.  by  trmDiposition  ol  pyridine  propyliodida 
IS  dcKrtpUoB  •!  ih*  ]»t  umcd  body  im  >iv«n. 
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not  white  it  is  to  be  recrystallized  from  the  same  solvent.  Addi- 
tion of  ether  to  the  absolute  alcohol  solution  throws  it  down  in  a 
crystalline  precipitate.  Like  addition  of  chloroform  separates  it 
as  an  oil-like  liquid.  From  alcohol  of  ninety-five  per  cent,  it  is 
precipitated  as  an  oil  by  addition  of  ether.  In  analysis  of 
the  preparation »  it  gave  for  iodine  50.63  per  cent,  in  comparison 
with  51.00  per  cent,  by  calculation. 

Properties. — In  colorless  plate-form  crystals,  deliquescent, 
soluble  in  water,  alcohol,  amyl  alcohol,  ethyl  acetate,  and  in 
benzene ;  insoluble  in  ether  and  in  chloroform.  The  melting- 
point  is  between  52*  and  53**  C. 

PYRIDINE  ISOPROPYL  IODIDE,'  C»H,N.(CH,),CHI. 

PreparaHan, — By  the  same  method,  and  under  the  same  con- 
ditions already  given  for  the  corresponding  normal  propyl  com- 
pound, but  using  a  greater  excess  of  the  alkyl  iodide,  namely 
about  one  and  a  half  molecules  of  the  isopropyl  iodide  (boiling 
at  89*-90**  C.)  to  one  molecule  of  pyridine.  The  product  solidi- 
fies in  a  crystalline  mass  while  in  the  sealed  tube,  more  readily  and 
completely  than  the  product  of  normal  propyl  iodide  and  pyridine, 
and  it  crystallizes  more  readily  from  absolute  alcohol.  In  analy- 
sis, the  iodine  found  was  50.64  and  50.50  per  cent,  in  compari- 
son with  51.00  per  cent  by  calculation. 

Properties, — Colorless  crystals,  soluble  in  water,  alcohol  of 
ninety-five  per  cent.,  and  in  ethyl  acetate;  less  freely  soluble  in 
absolute  alcohol,  *amyl  alcohol,  or  chloroform ;  insoluble  in 
ether.     The  melting  point  is  ii4*'-ii5**  C. 

COMPARISON  OP  MELTING  POINTS. 

As  set  forth  below  the  addition  compounds  of  the  one 
base  p3rridine  with  difFerent  alkyl  iodides,  CnHn+J  show 
a  gradation  of  melting  points,  a  gradation  which  appears 
among  the  homologous  normal  members  of  the  series,  and  again 
appears  between  isomeric  members.  The  solubilities  of  these 
addition  compounds  show  a  correspondence  to  their  melting 
points,  agreeing  with  the  generalization  of  Camelly.*    Pyridine 

1  Pnnn  the  work  of  Mr.  8»  H.  Baer  in  this  laboratory.  Schrader  (Inauff.  Diss,  at 
Kiel,  104)  obtained  this  qnatemary  iodide,  by  treatment  at  zoo*  C,  as  a  yellow-white 
cryBtalUne  mass,  convertable  to  the  corresponding:  chloride  (I«adenburg's  Haadwdrter" 
l>ach,  9,  464.    Ladenbnrg  snd  Schrader,  Ber.  d.  ckem.  Ges,„  17, 1121). 

*PkA,  Ma^„  (5)  IS,  190;  y.  Ckem.  Soc„  53,  783. 
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combination  has  been  resorted  to  for  various  characteristics  dis- 
tinctive  of  alcohol  radicals,  by  de  Coninck,  as  cited  in  the 
beginning  of  this  paper,  and  by  Lippert'  in  1893.  The  iodides 
of  these  quartenary  bases  give  constants  more  distinctive  of 
composition  than  do  the  platinum  chlorides,  at  least  so  far  as 
melting  points  of  the  iodides  are  available.  In  tabulating  the 
melting  points  of  the  pyridine  alkyl  iodides  it  appears  that,  com- 
paring homologues  and  again  comparing  isomers,  the  melting 
points  of  the  addition  productsySi//  as  the  boiling  points  of  the  free 
alkyl  iodides  rise,*  The  same  reverse  ratio  appears  among  picoline 
alkyl  iodides.  On  the  contrary,  comparing  pjrridine  methyl 
iodide  with  picoline  methyl  iodide,  the  two  tertiary  bases  being 
homologous  and  the  alkyl  iodide  being  the  constant  factor,  it  is 
found  that  the  melting  point  of  the  addition  compound  rises  as 
the  boiling  point  of  the  tertiary  base  rises,  and  in  an  extreme 
proportion. 

QUATBRKARY  BASK  lODIDBS.  J^  fi*.  • 

With  homologous  alkyls  :  f  o  v^l 

Meltinff  pointo        ^g.^    •» 

Pyridine  methyl  iodide 117°'  45^ 

Pyridine  ethyl  iodide 90.5^*  V^ 

Pyridine  propyl  iodide 52-53^*  lo*^ 

(Pyridine  butyl  iodide  decomposes  before 

melting* 130O) 

«-Picoline  methyl  iodide 126.5-227®  •  45^ 

a-Picoline  ethyl  iodide; under 100°  ^  72*' 

With  isomeric  alkyls  : 

Pyridine  isopropyl  iodide 114-115^*  89° 

Pyridine  propyl  iodide 52-53°*  102" 

QUATBRNARV  BASB  MBTALI4C  CHLORIDBS. 

(Pyridine    tertiary    butyl    salts    are    not 

formed)* 100*' 

Pyridine  isobutyl  platinum  chloride 220°  •  119° 

gold  chloride 13901 

^Ann.  Chem,  (Llebisr).  a7«.  i8a. 

«  ThU  reverse  ratio  docs  not  hold  good  between  ethyl  and  iaopiopyl.  in  their  pyri- 
dine lodo-products,  the  one  being  not  the  direct  bomologue.  but  the  isomer  of  the  homo- 
oyuc  of  the  other.  In  1882  Camelly  remarked  of  "  isomeric  compounds  "  as  shown  by 
tmany  insunces,  that  their  melting  poinu  follow  a  mle  the  reverse  of  that  accepted  for 
their  boihngpoinu  namely  that  "  those  melt  the  highest  in  which  there  ar«  the  greatest 
number  of  side  chains."    (/»i/.  ^a^.  (5).  13.  ia6).  i  ere  are  ine  grea 

•  V^^^^^  ,   J  ^^^'       '  ^*PP«rt  :  Ann.  Chem.  (Uebig),  vj^  18a. 
It  \l^^Z  ''  '*•'•  ^^-  <5),  4.  ^41.  Before  the  constitnlion  of  pkJSe  «.  eMabUshed. 
It  IS  not  necessary  here  to  dUtingnish  between  isomeric  picolines.  "»»"• 

'  Anderson  :  Ann.  Chem.  (Uebig).  94, 361.  ^  coiincs. 
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uov    ^ 
McltiDir  points.       S'l^^"^! 

rO   I 


Pyridine  secondary  butyl  platinum  chloride        191 .  *  n^o 

130^ 


"  **         gold  chloride 120°' 


129^ 
Pyridine  normal  butyl  platinum  chloride  •  •        205^  '  iio*^ 

"     gold  chloride mo  1 


•«>...        .  >  *^^^  '*■**  **•■■ 

WttA  homologous  terttary  bases  :  tiary  bases. 

Pyridine  methyl  iodide <...        117°  ■  1150 

Picoline  methyl  iodide 226.5-227°  •  132-140^ 

Tcr.         Alk. 
Comparing  two  isotneric  addition  compounds :  base.       iod. 

Pyridine     ethyl     iodide,      C5H5N.CH5I  = 

C,H,oNI 90.5°*  "6°        7^"" 

Picoline  methyl  iodide,  CHs.CsH^N.CH,!  = 

C^HioNI 2270'  132°        45"^ 

In  the  comparison  last  above,  there  are  two  quaternary  base 
iodides  having  the  same  empirical  formula,  and  ha\ang  near  the 
same  mean  of  boiling  points  of  the  uniting  constituents,  while 
the  difference  between  their  quoted  melting  points  is  something 
surprising.  We  should  expect,  however,  from  analogy  with  the 
previous  comparisons,  to  find  a  double  homologous  difference  in 
this  case.  The  transfer  of  the  homologous  CH„  so  to  speak, 
/fvm  the  alkyl  of  one  compound  lo  the  amine  of  the  other  com- 
pound, should  exert  a  two-fold  effect  in  raising  the  melting 
point. 

In  a  paper  by  Mr.  Flintermann*  and  myself,  some  data  are 
given  in  small  part  from  our  own  work  and  more  from  the  work 
of  others,  as  to  the  limits  of  additive  combination  of  isomeric 
alkyls  with  tertiary  amines,  especially  with  pyridine,  in  forma- 
tion of  quaternary  bases.  It  would  seem  desirable  to  compare 
these  apparent  limits  of  additive  formation  with  the  generaliza- 
tions of  Camelly  and  others  upon  the  cohesion  constants  of 
isomers  at  large.  Therewith  these  few  facts  of  the  melting 
points  of  pyridine  quaternary  bases  are  presented,  though  requir- 

1  Llppert:  Ann.CAtm.  (Uebig),  976.  182. 

*  Trowbridge. 

*  Ramsay:  /KiV.  Mag.  (s),  4,  241.  Before  the  constitution  of  picoline  was  estab- 
Kshed.    It  is  not  necessary  here  to  distinguish  between  isomeric  picolines. 

*  Dipyridene  trimethylene  dibromide,  etc.,  this  Journal,  x8,  28. 
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ing  more  data,  with  the  re-examination  of  figures  of  early 
date,  as  a  part  of  the  study  of  the  chemical  character  of  the 
nitrogen  bases.  To  the  same  end  some  work  upon  the  hydrox- 
ides of  these  bases  is  nearly  ready  for  presentation  from  this 
laboratory.  And  to  the  same  end  work  is  being  continued  upon 
the  periodides/  and  other  super  halides,  that  these  extreme  addi- 
tive combinations  may  show  something  of  the  base  making  power 
of  nitrogen. 

UKivsaaiTT  OF  Michioan. 


[Contribution  prom  the  Chsmical  Laboratory  of  the  Univer- 
sity OF  Caufornia.] 

AN  ELECTROLYTIC  METHOD  FOR  THE  DETERfllNATION 

OP  MERCURY  IN  CINNABAR. 

By  W.  B.  RisrNO  KKD  Victor  Lbnbbr. 
Received  NoTenber  it,  1895. 

WHEN  a  rapid  solution  of  cinnabar  is  desired,  heretofore, 
oxidation  with  aqua  regia  has  seemed  most  convenient ; 
the  length  of  time  required  to  expel  the  nitric  acid  used,  and 
the  likliehood  of  loss  of  mercury  by  distillation  in  hydrochloric 
acid,  are  serious  hindrances  to  the  use  of  this  method.  Hydro- 
bromic  acid  dissolves  very  readily  mercuric  sulphide,  as  well  as 
many  other  naturally  occurring  sulphides  with  the  evolution  of 
hydrogen  sulphide  and  the  formation  of  the  bromide. 

If  this  solution  be  nearly  neutralized  with  caustic  potash,  pure 
potassium  cyanide  added  in  sufficient  excess  to  dissolve  the 
cyanide  first  precipitated  (Smith,  Electro-Chemical  Analysis,  p. 
58),  and  electrolyzed  with  a  weak  current,  the  mercury  will  be 
readily  deposited  as  metal  on  a  platinum  dish  used  as  a  negative 
electrode.  The  use  of  hydrobromic  acid  is  to  be  recommended, 
as  it  gives  such  a  ready  method  of  decomposition,  and  .can  be 
used  at  low  temperatures,  when  there  will  be  no  loss  of  mercury 
by  distillation. 

The  hydrobromic  acid  used  in  the  following  experiments  was 
prepared  by  treating  potassium  bromide  with  sulphuric  acid  of 
56''  Baum£  ;  the  gas  was  conducted  into  water,  as  in  the  prep- 
aration of   hydrochloric    acid.     By    using  potassium  bromide 

1  This  Journal,  ij,  775i  ^59. 
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with  the  above  strength  of  acid,  hydrobromic  acid  quite  free 
from  bromine,  can  be  readily  prepared. 

The  ordinary  hydrobromic  acid  used  in  the  laboratory,  con- 
taining bromine,  could  be  used  in  the  following  experiments  : 

The  first  sample  which  was  worked  with  was  pure  mercuric 
sulphide.  Hydrobromic  acid  of  constant  boiling  point,  {.  ^., 
forty-nine  per  cent,  was  diluted  with  water  one  to  four,  and  the 
sample  treated  with  as  little  excess  as  possible  over  what  would 
be  necessary  for  its  solution ;  the  slight  excess  of  acid  was 
neutralized  with  potassium  hydroxide ,  potassium  cyanide  added  in 
excess  and  the  solution  electrolyzed  by  a  current  giving  0.025 
amperes  N.  D.ioo. 

The  following  results  were  obtained  : 

Mercuric  sulphide.  Mercury  found.  Mercury, 

(g^rain.  gram.  Per  cent. 

0.3II0  O.1818  86.16 

0.2058  0.1774  86.20 

The  second  sample  was  a  naturally  occurring  cinnabar;  deter- 
mination (a)  was  made,  using  the  decomposition  by  aqua  regia, 
evaporating  o£F  the  excess  of  nitric  acid  with  hydrochloric, 
neutralizing  the  excess  of  hydrochloric  acid  with  potassium 
hydroxide,  adding  potassium  cyanide  in  excess  and  electrolyzing 
as  before,  (d)  and  (c)  were  treated  with  twenty  per  cent,  hydro- 
bromic acid  at  the  boiling  temperature ;  solution  was  effected  in 
a  few  minutes,  the  excess  of  acid  was  neutralized  by  potassium 
hydroxide,  potassium  cyanide  added  in  excess  and  electrolyzed 
with  the  same  strength  of  current  as  before. 

Results  were  : 

Cinnabar.  Mercury  found.  Mercury, 

gram.  gram.  per  cent. 

(a) 0.2024  0.1046  51.68 

(*) 0.2514  0.1299  51.67 

(c) 0.5135  0.26^  51.72 

The  last  sample  was  a  lower  grade  cinnabar,  very  silicious, 
and  long  digestion  with  either  hydrobromic  acid  or  aqua  regia  was 
necessary.  In  this  last  experiment  the  action  of  the  hydrobromic 
acid  was  very  much  more  rapid  than  that  with  aqua  regia.  The 
mercury  was  deposited  from  a  cyanide  solution  as  before. 

Results  were,  using  hydrobromic  acid  as  solvent : 
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Cinnabar.  Mercury  foisid. 

gram.  STram. 

(a) 0.20II  0.0616 

(d) 0.20II  0.0622 

Using  aqua  regia  as  solvent : 

gram.  gram. 

(a) 0.2030  0.0629 

(d) 0.2030  0.0631 


NEW  BOOKS. 

The  Scientific  Found.^tions  of  Analytical  Chemistry  Treated 
IN  AN  Elementary  Manner.  By  Wilhblm  Ostwald,  Trans- 
lated BY  George  M*Gowan.  xviii,  207  pp.  8vo.  London  and  New 
York:  Macmillan  &  Co.    Price,  1 1.60. 

The  little  book  before  us  undertakes,  as  its  title  indicates,  a  sci- 
entific presentation  of  the  principles  which  underlie  the  physico- 
chemical  phenomena  upon  which  the  art  of  analyses  depends 
for  the  separation,  detection  and  determination  of  the  various 
substances  with  which  it  deals.  In  this  undertaking  the  electro- 
lytic dissociation  theory  is  freely  made  use  of  and  with  such 
success  that  a  flood  of  light  is  let  in  upon  many  of  the  obscurer 
phenomena  encountered  in  the  ordinary  course  of  analysis. 

The  presentation  of  the  subject  is  elementary  in  the  best  sense, 
but  little  in  the  way  of  previous  knowledge  being  assumed, 
while  by  the  clearness  of  statement  and  logical  order  of  ideas 
preserved  throughout,  the  author  has  fairly  deserved  the  right  to 
be  named  with  the  great  masters  of  scientific  style,  with  Tyndall 
and  with  Hofmann. 

The  theory  and  its  applications  -lare  separately  considered. 
Under  the  former  head  we  find  a  discussion  of  the  theory  of  the 
washing  of  precipitates  and  of  the  adsorption  phenomena 
which  are  of  such  importance  in  that  process,  further,  of  phys- 
ical methods  of  separation,  such  as  distillation,  of  the  law  of 
mass  action,  of  supersaturation  and  of  many  other  topics,  the 
treatment  of  all  being  condensed  and  full  of  suggestions  to  the 
thoughtful  reader. 

In  the  special  or  applied  part  the  analytical  reactions  of  the 
metallic  and  acidic  ions  of  the  various  analytical  groups  are 
taken  up  in  detail,  but  briefly. 
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Lest  it  should  be  thought  that  this  work  is  a  piece  of  special 
pleading  in  behalf  of  the  electrolytic  dissociation  theory,  it  is 
but  just  to  the  author  to  state  that  though  written  from  the 
stand-point  of  that  theory,  the  book  is  not  doctrinaire^  but  is 
broad  enough  to  be  read  with  much  interest  by  all  chemists, 
whether  they  agree  with  the  author's  special  views  or  not. 

Much  credit  is  due  to  Dr.  M'Gowan  for  the  smooth  and 
scholarly  translation  now  placed  at  the  disposal  of  the  Bnglish 
reading  public,  which  annihilates  the  only  excuse  any  Bnglish 
speaking  chemist  could  offer  for  unfamiliarity  with  the  most 
important  work  on  the  theory  of  analysis  which  has  ever 
appeared.  I<auncbw)T  Andrews. 

Practical  Proofs  op  Chkmical  Laws.  By  Vaughan  Cornish. 
New  York :  Longmans,  Green  &  Co.    Price  75  Cents. 

This  little  work  adopts  a  practical  method  for  the  explanation 
of  **Dalton's  Atomic  Theory  and  the  Laws  of  Combining  Pro- 
portions.*' The  first  chapter  is  devoted  to  statements  of  these 
laws,  and  is  followed  by  a  chapter  on  the  use  of  the  balance. 
These  prepare  the  student  for  the  subsequent  six  chapters; 
which  are  devoted  to  the  experimental  part,  in  each  case  pre- 
ceeded  by  a  list  of  the  necessary  apparatus  and  followed  by  an 
example  and  an  account  of  the  original  experiments,  together 
with  references  to  the  original  literature.  The  experiments  are 
well  chosen,  calculated  to  give  good  results  with  simple  and 
inexpensive  reagents  and  apparatus.  The  arrangement  is  a 
time-saving  one,  and  where  time  for  laboratory  ^/ork  is  very 
limited,  as  in  higher  schools,  this  fact  will  figure  largely. 

Hermann  Plbck. 

Organic  Chbmistrv.  The  Fatty  Compounds.  By  R.  Li<oyd 
Whitblby,  F.I.C,  F.C.S.  New  York  :  I^ngmans,  Green  &  Co.  *  1895. 
8vo.  viii,  291  pp.    Price,  fi.oo. 

The  publication  of  this  manual,  strikingly  similar  in  purpose, 
arrangement  and  matter  to  the  •*  Organic  Chemistry,  Part  I," 
of  Perkin  and  Kipping,  issued  last  year,  shows  that  the  needs  of 
elementary  students  of  this  department  of  chemistry  are  now 
lecognized  more  generally  than  they  have  been  heretofore,  and 
indicates,  perhaps,  that  the  number  of  chemists,  who  feel  able  to 


lOO  BOOKS  RBCBIVBD. 

supply  their  needs,  is  increasing.  Whether  this  latest  effort  to 
make  a  satisfactory  text-book  is  successful,  can  be  drtennined 
only  by  giving  the  book  a  trial.  Without  unnecessary  detail, 
the  author  has  furnished  a  clear  presentation  of  the  nain  facts 
and  theories  pertaining  to  the  **  fatty  compounds,"  gving  also 
directions  for  the  preparation  in  the  laboratory  of  many  com- 
pounds, and  methods  for  their  identification.  These  directions 
are  generally  clear  and  accurate. 

The  discussion  of  stereochemical  theories  is  kardly  full 
enough  even  for  an  elementary  book,  and  the  average  student 
would  probably  find  the  chapters  on  the  polyhydric  alcohols  and 
their  derivatives  more  intelligible  and  interesting,  if  some  of  the 
methods  recently  employed  for  their  synthesis  and  study,  had 
been  briefly  explained.  The  book  is  attractively  printed,  and 
has  a  satisfactory  index.  L.  B.  Hall. 
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ACTION  OF  ACID  AMIDES  UPON  BENZOIN.' 
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I  By  Alfred  Newlin  Seal. 

Received  November  39, 1895. 

HE  reactions  of  benzoin  with  a  great  number  of  bodies 
have  been  very  extensively  studied,  but  except  the  work 
I  of  Anschiitz  and  Gelderman*  with  urea  and  thiourea,  no  work 
I  has  been  done  with  the  extensive  class  of  acid  amides.  It  was 
with  the  view  of  studying  how  these  bodies  would  react  with 
benzoin  that  this  work  was  undertaken.  It  seemed  very  proba- 
ble that  by  heating  the  amides  with  benzoin  a  condensation 
would  be  effected,  as  the  hydrogen  and  the  amido  group  of  the 
former,  as  well  as  both  the  carbonyl  and  hydroxy!  group  of  the 
latter,  are  very  reactive.  It  was  hoped  in  this  way  to  prepare  a 
series  of  condensation  products  from  the  amides  of  the  homolo- 
gous acids  of  the  fatty  and  of  the  aromatic  series.  With  this 
object  in  view,  benzoin  was  heated  in  sealed  tubes  with  various 
acid  amides,  in  the  presence  of  alcohol  as  a  solvent,  in  varying 
proportions  and  under  different  conditions  of  time  and  of  tem- 
perature. 

Instead  of  finding  the  expected  series  of  condensation  pro- 
ducts, however,  it  was  discovered  that  with  all  the  simple  amides 
of  both  the  mono-  and  dibasic  acids  of  the  fatty  series,  and  with 

1  Prom  the  author's  thesis  presented  to  the  University  of  Pennsylvania  for  the  Degree 
of  Pb.D.,  1895. 

*Amm.  Ckem.  (Liebig),s6i,  X19. 
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two  examples  of  the  amides  of  the  aromatic  series,  the  reaction 
was  preceded  by  the  breaking  down  of  the  amide  and  the  subse- 
quent action  of  the  ammonia  on  the  benzoin,  giving  as  the  chief 
product  of  the  reaction  tetraphenylazine  C,N,(C,HJ,.  The 
constitution  of  this  body  has  been  very  carefully  worked  out  by 
Japp  and  Wilson*  and  Japp  and  Burton.' 

Not  until  after  the  action  of  several  of  the  series  had  been 
tried  with  benzoin  was  the  above  conclusion  reached,  hence  the 
following  is  a  record  of  the  reactions  tried  and  of  the  results 
obtained.  The  work  was  carried  out  to  a  great  extent  in  sealed 
tubes,  the  yields  obtained  were  in  many  cases  very  small,  the 
separation  of  the  bodies  produced  difficult,  and  in  some  cases 
impossible,  while  the  analyses  were  frequently  extremely  troub- 
lesome, as  tetraphenylazine  is  remarkably  stable  and,  as  the 
experience  of  others  has  also  shown,  very  difficult  to  analyze. 
As  an  instance  of  this,  in  one  analysis,  after  six  hours  heating  to 
redness  with  oxide  of  copper  in  a  current  of  oxygen,  graphitic 
carbon  was  found  still  remaining  in  the  bottom  of  the  boat. 
Later  chromate  of  lead  was  used  and  the  difficulties  in  great 
measure  overcome. 

I.    GENERAL   METHOD   PURSUED   IN  STUDYING  THE  REACTIONS. 

As  the  reactions  of  benzoin,  with  ten  different  amides,  were 
studied,  and  the  identification  of  the  products  proved  more  diffi- 
cult than  was  anticipated,  no  attempt  was  made  to  induce  con- 
densation by  means  of  dehydrating  agents.  In  all  the  experi- 
ments, unless  otherwise  stated,  benzoin  and  the  amide,  in  defi- 
nite, but  varying  proportions,  were  heated  together  with  alcohol 
in  sealed  tubes.  The  amount  of  alcohol  used  at  first  was 
considerable,  but  the  loss  from  explosions  was  so  great  that 
eventually  the  tubes  were  filled  to  but  one-fifth  or  sixth  of^  their 
capacity.  When  the  tubes  were  opened  there  was  generally  a 
very  considerable  pressure.  The  presence  of  atnmonia  was  ver\' 
evident,  and  in  many  cases  an  ethereal  odor  was  easily  detected. 
Even  if  no  ammonical  odor  could  be  detected,  the  alkaline  reac- 
tion of  the  tube  contents  was  always  decided.  Analyses  of  the 
gases  obtained  from  the  tubes  showed  from  twenty-five  per  cent. 

ly.  CA^m.  Soc.,  49,  825. 
i  rbid.,  49,  843,  and  51,  98. 
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to  thirty-three  per  cent,  of  free  ammonia.  As  the  chief  product  of 
the  reaction  was  identified  as  tetraphenylazine,  and  the  accom- 
panying bodies  were  those  also  produced  by  the  action  of 
ammonia  on  benzoin,  there  can  be  no  doubt  as  to  the  interpre- 
tation of  the  result.  Under  the  influence  of  the  heat  and  alcohol 
the  amide  breaks  down  with  the  liberation  of  ammonia,  and  the 
formation  of  an  ester  with  the  alcohol.  The  ammonia  then 
reacts  with  the  benzoin,  as  has  been  already  studied  by  Japp, 
Wilson  and  Burton.' 

Japp  and  Wilson,  in  their  study  of  the  action  of  ammonia  on 
benzoin,  have  reviewed  the  ground  previously  studied  by  Laurent* 
and  by  Erdmann'  and  found  the  products  of  the  reactions  to  be 
tctraphenylazineC^N,(C,HJ^,  benzoinam  C„H„N,0,  benzoinir 
damC„H„NO„  and  lophine  C,N,H(C,HJ,.  In  the  study  of 
the  products  of  reaction  with  the  amides,  the  presence  of  tetra- 
phenylazine  was  proved  in  all  cases,  the  presence  of  lophine  in 
but  one,  benzamide,  while  another  body  was  obtained  which 
proved  to  be  a  mixture  of  the  benzoinam  and  benzoinidam  of 
Japp  and  Wilson. 

The  tetraphenylazine  was  identified  by  analysis,  melting  point, 
crystalline  form,  solubilities,  color  reaction  with  sulphuric  acid, 
and  also  by  a  determination  of  the  molecular  weight.  In  the  work , 
as  given  in  detail  later,  some  or  all  of  these  means  of  identifica- 
tion were  used  in  each  case.  Lophine  was  identified  by  its 
melting  point.  It  was  only  obtained  with  benzamide  as  the 
reacting  body,  and  then  only  in  very  small  amount.  The  appar- 
ent reason  for  its  occurrence  in  this  case  will  be  discussed  under 
the  work  with  benzamide. 

Thaother  body  obtained  had,  under  various  conditions,  differ- 
ent melting  points,  and  did  not  give  concordant  results  when  the 
dififerent  preparations  were  analyzed.  Various  methods  of  frac- 
tional crystallization  and  sublimation  were  tried  to  separate  it 
into  bodies  of  definite  composition,  but  without  success.  With 
the  exception  of  its  solubility  in  alcohol,  all  its  reactions  indi- 
cated, as  already  stated,  a  mixture  of  benzoinam  and  benzoini- 
dam. 

1  Uc,  cU, 

*Jsh.  pkys.  Wiss.,  i9,  354.  and  96,  266. 

^Ann.  Oum.  (Liebig),  13s.  181  • 
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This  action  of  the  acid  amides  with  benzoin,  as  essentially  that 
of  ammonia  alone,  is  entirely  in  accord  with  the  results  obtained 
by  Mason.'  He  found  that  oxamide  and  acetic  acid  heated 
together  in  sealed  tubes  at  220®-23o'',  reacted  with  the  formation 
of  acetamide. 

II.     ACTION     OP    THE    AMIDES    OF    THE    FATTY    SERIES    UPON 

BENZOIN. 

a.  McUonamide  and  Benzoin, — Malonamide  and  benzoin,  in 
molecular  proportions,  were  heated  with  alcohol  on  the  water- 
bath  in  a  flask  connected  with  a  return  condenser  for  an  hour. 
An  examination  of  the  material  showed  that  no  change  had 
taken  place,  only  benzoin  and  malonamide  being  found.  The 
two  bodies,  in  the  same  proportion,  were  then  heated  with  alco- 
hol in  a  sealed  tube  to  no''  in  a  paraffine  bath.  As  no  change 
took  place  the  tube  was  then  heated  at  temperatures  varying 
from  130®  to  igo"*,  with  but  little  apparent  change.  The  tube 
was  then  heated  for  eighteen  hours  at  200"*.  When  opened  a 
considerable  pressure  was  evident  and  the  odor  of  ammonia  was 
very  decided.  The  contents  of  the  tube  were  poured  out,  and 
the  crystals  which  had  separated  were  filtered  from  the  deep 
yellow  liquid,  pressed  between  filter-paper  and  treated  several 
times  with  warm  chloroform.  Everj'thing  dissolved  except  a 
small  amount  of  unchanged  malonamide.  The  filtered  solution 
was  then  evaporated  nearly  to  dryness,  the  residue  warmed  with 
alcohol  to  remove  coloring-matter,  boiled  four  times  with  alco- 
hol, and  the  insoluble  portion  dissolved  in  chloroform.  From 
the  first  alcoholic  filtrate  on  cooling  crystals  were  obtained, 
melting,  not  at  all  sharply,  at  i9o'*-2i7°.  The  second  filtrate 
gave  white  needles,  melting  ajt  i92''-2o6'* ;  the  third  filtrate  crys- 
tals of  the  same  form  in  less  amount,  melting  at  i93**-2o6**.  The 
other  two  alcoholic  filtrates  yielded  thicker  needles  in  small 
qftantity,  melting  at  243''.244°. 

The  three  portions  of  crystals  with  the  lower  melting  point 
were  united  and  alternately  treated  with  warm  and  boiling  alco- 
hol. By  this  means  a  series  of  products  was  obtained  with  all 
degrees  of  melting  points  between  193**  and  220.     As  the  mate- 

»y.  Chem.  Soc.,  55, 107. 
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rial  is  all  easily  soluble  in  chloroform  and  in  benzoin,  this  gave 
no  means  of  separation.  An  attempt  at  separation  by  means  of 
sublimation  was  equally  unsuccessful,  the  products  showing  the 
same  wide  range  of  melting  point. 

The  three  lots  of  crystals  with  high  melting  point  and  evi- 
dently much  less  soluble  in  alcohol  than  the  other  body,  were 
united,  w^armed  with  alcohol,  and  the  residue  dissolved  in 
chloroform.  On  concentration  of  the  solution  large  transparent 
crystals  were  obtained  with  a  melting  point  of  245°. 

The  above  method  of  separation  and  purification  has  been 
given  in  detail,  as  it  was  used  with  all  the  amides.  Many  por- 
tions of  benzoin  and  malonamide  were  subjected  to  the  above 
treatment,  and  the  product  with  the  melting  point  of  245''  was 
proved  to  be  tetraphenylazine  by  the  results  of  the  following 
examination  : 

SubsUnce.  H,0  CO, 

I.         0.1351  0.061 1  0.4384 

II.         0.1416  0.0637  0.4585 

III.  0.1339  0.0568  0.4343 

IV.  0.3004  gram  burned  M'ith  copper  oxide  gave  13.8  cc.  nitro- 

gen at  26^  and  764  mm. 

Calculated  for 

Tetraphenylazine.  Pound. 

CfljHjoN,  I.               II.  III.  IV. 

Carbon       87.50  88.49          ^*30  ^-45            

Hydrogen    5.21  5.02            4.99  4.71            

Nitrogen       7.29                  7.68 

The  melting  point  of  tetraphenylazine  as  given  by  Japp  and 
Wilson  is  246** ;  the  melting  point  as  obtained  for  the  body 
under  consideration  is  245**  (uncorrected). 

The  molecular  weight  determination  was  made  by  the  Raoult 
method,  using  benzene  as  the  solvent.  A  Beckmann  thermome- 
ter, graduated  to  o.oi®,  was  used,  with  the  well-known  Beck- 
man  apparatus.     The  results  were  as  follows  : 

L=s  21.8262 
Ca=    0.162 


p  100  = 

27.38 

Hence  CL  = 

3.5358 

A  = 

0.1291 

Ms 

379.5 

Calculated  for  C,„HmN,  s= 

384 
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With  cODcentrated  sulphuric  acid  this  body  gives  a  beaotifnl 
red  color,  a  very  characteristic  reaction  for  tetraphenylazine. 

An  analysis  of  the  gas  from  one  of  the  tubes  in  which  the 
benzoin  and  malooamide  had  been  heated,  showed  twenty-nine 
per  cent,  of  ammonia. 

b.  Oxamide  and  Bemoin. — Oxamide  and  benzoin  were  heated 
together  in  molecular  proportions  at  about  200°.  The  reaction 
at  times  took  place  with  violent  explosions  and  appeared  to 
require  a  temperature  of  200*,  as  below  this  repeated  attempts 
failed  to  produce  any  change.  The  bodies  obtained  were  sepa- 
rated by  the  method  already  described.  They  were  identical 
with  those  yielded  by  malouamide.  One  of  them  melted  at  244*, 
gave  a  red  color  with  concentrated  sulphuric  acid,  and  crystal- 
lized from  chloroform  in.  prisms  of  the  usual  form.  A  molecular 
weight  determination  was  as  follows : 

L=  30.5973 
C="     o.aoi 
Pioo=  39.19 
Hence  CL^     4.1400 
A  =       .141S 
M  =  345.6 
C.N,(C,H.),  =  384 
The  other  body  gave  an  indefinite  melting  point  from  193°- 
217°.     Repeated  crystallization  failed  to  produce  any  body  with 
a  definite  melting  point. 

I.  0.1073  gram  burned  with  copper  oxide  gave  5.1  cc.  nitro- 
gen at  23°  and  766.5  mm.  =  5.39  per  cent,  nitrogen. 

II.  0.1005  gram  gave  4.9  cc.  nitrogen  at  25°  and  763  mm.  = 
5.44  per  cent,  nitrogen. 

Analyses  of  samples  of  gas  from  the  tubes  showed  from 
twenty-five  to  thirty-three  per  cent,  of  free  ammonia. 

c.  Succinamide  and  Benzoin . — Benzoin  and  succinamide  were 

heated  in  molecular  porportions  at  200°  for  thirty-five  hours. 

When  the  contents  of  the  tube  were  treated  in  the  usual  way 

nn  >tni^hanir<>H    succiuamide    remained,    showing    a    complete 

From  the  chloroform  solution  the  same  body 

usual  crystalline  form,  melting  at  245''  and  giv- 

olor  with  sulphuric  acid.     A  molecular  weight 

ave  the  following  results  : 


I 

I 
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L  =  17.9414 
C  =   0.175 
P  100  =  27.73 

Heoce  CL  =   3-1397 
A  S3B  0.1381 

M=354  + 
^     C,N.(C,H5),  =  384 

From  the  alcoholic  filtrates  white  crystals  were  obtained  melt- 
ing from  192^-207°,  with  in  one  instance  a  small  portion  not 
melting  until  216^.     The  analysis  gave  the  following. 

0.1033  gram  burned  with  copper  oxide  gave  5.9  cc.  nitrogen 
at  26.5"*  and  761  mm.  =  6.32  per  cent  nitrogen. 

It  will  be  noticed  that  this  analysis  shows  a  considerable  dif- 
ference from  that  of  the  similar  body  obtained  from  oxamide. 
This  is  another  reason  for  supposing  this  body  to  be  a  mixture 
of  benzoinam  and  benzoinidam.  The  former  has  the  formula 
C„H,,N,0,  giving  6.93  per  cent,  nitrogen  and  melting  at  *  *tempera- 
tares  varying  from  190^-220?,  according  as  the  temperature  was 
raised  slowly  or  rapidly.*'  The  latter  has  the  formula  C„H„NO,, 
giving3.45percent.  nitrogen. and  meltingat  199'-  Thatamixture 
of  these  two  bodies  would  give  the  results  obtained  as  mentioned 
above,  is  natural.  In  the  work  of  Japp  and  Wilson  sufficient 
alcohol  was  put  in  the  tubes  to  hold  in  solution  much  of  the 
material  produced,  and  hence  the  two  bodies  were  separated. 
In  the  reactions,  as  carried  out  with  the  acid  amides,  the  pres- 
sure of  the  evolved  gases  was  so  great  that  but  little  alcohol 
could  be  used.  Hence  only  a  small  amount  of  the  material  pro- 
dnced  was  held  in  solution  by  the  alcohol.  This  fully  accounts 
for  the  non-separation  of  the  two  bodies  by  the  method  described 
by  Japp  and  Wilson. 

In  order  to  compare  the  bodies  obtained  by  the  action  of  the 
amides  upou  benzoin  with  those  obtained  by  the  method  as 
described  b}'  J^PP  sind  Wilson,  benzoin  was  heated  in  sealed 
tubes  with  alcoholic  ammonia.  One  tube  was  heated  at  150"- 
180**  for  eight  hours.  The  contents  were  then  examined  in  the 
usual  way  and  by  means  of  the  melting  point  tetraphenylazine 
was  found  to  have  been  formed,  together  with  a  body  melting 
finally  at  210'',  but  softening  much  below  this.     A  second  tube, 
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heated  at  200°  for  several  hours,  also  showed  the  formation  of 
tetraphenylaziue,  but  only  very  slight  traces  of  any  body  melt- 
ing at  about  200"*.  But  what  was  doubtless  lophine  was  found 
in  considerable  amount,  as  shown  by  the  isolation  of  a  body 
melting  at  272"*.  These  reactions  indicate  that  at  higher  tem- 
peratures lophine  is  produced,  while  at  lower  temperatures  ben- 
zoinam  is  obtained  in  larger  amount.  This  conclusion  is 
strengthened  by  the  observation  that  with  only  one  amide  was 
any  lophine  detected.  This  was  with  benzamide,  which  did  not 
react  with  benzoin,  except  at  temperatures  much  above  those 
used  with  the  other  amides.  It  is  true  that  the  temperature  at 
which  the  other  amides  react  without  producing  lophine  was 
equal  to  or  even  above  that  at  which  lophine  was  formed  by  the 
direct  action  of  alcoholic  ammonia.  But  this  could  be  caused 
by  the  greater  heat  required  for  the  breaking  down  of  the 
amides.  It  seems  quite  possible  that  this  might  offer  a  means  of 
studying  the  constitution  of  benzoinam. 

d,  Acetamide  and  Benzoin, — Benzoin  and  acetamide,  in  mole- 
cular proportions,  heated  together  at  150°  for  four  hours,  did 
not  react.  Further  heating  at  i9o'*-2io**  for  six  hours  was  also 
without  effect.  In  a  second  tube  the  amount  of  acetamide  was 
doubled  and  the  tube  heated  for  six  hours  2X  150**,  without  any 
reaction  taking  place.  In  the  next  experiment  four  times  the 
molecular  quantity  of  acetamide  was  used  for  the  benzoin 
employed,  making  about  two  grams  of  each  and  the  tube  was 
heated  at  190^-2 10°  for  nearly  six  hours.  When  opened  the 
odor  of  ethyl  acetate  was  very  evident,  and  an  examination  of 
the  material  showed  that  a  reaction  had  taken  place.  Another 
tube  with  four  grams  of  each  was  then  heated  at  1 90*^-200**  for 
six  hours.  When  opened  the  odor  proved  both  ethyl  acetate 
and  ammonia  to  be  present.  By  means  of  repeated  boilings 
with  alcohol  the  usual  bodies  were  separated  and  identified. 

The  tetraphenylazine  melted  at  242"*,  gave  a  deep  red  color 
with  concentrated  sulphuric  acid,  and  crystallized  from  chloro- 
form in  the  usual  prismatic  crystals.  From  the  earlier  alcoholic 
extracts  bodies  were  obtained,  melting  at  192**- 194"*  and  206**- 
209**.  The  yields  were  very  small ;  but  these  observations 
would  indicate  that  the  reaction  had  taken  place  in  the  same 
manner  as  shown  before. 
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€.  Buiyramide  and  Benzoin, — Butyramide  was  prepared  by 
the  method  of  Hofmann.* 

hi  the  first  experiment  0.8  gram  of  the  butyramide  was  heated 
with  one  gram  of  benzoin  at  200"*  for  six  hours.  No  action  took 
place.  The  tube  was  then  heated  for  six  hours  at  250"* ;  when 
opened  the  odor  of  ammonia  was  strong,  and  an  ethereal  odor 
was  readily  detected.  A  second  tube,  with  double  the  above 
quantities  of  material,  was  then  heated  for  eight  hours  at  200'', 
and  for  four  hours  at  220**.  The  contents  of  the  two  tubes  were 
united  and  worked  up  as  before  with  the  usual  results.  The 
tetraphenylazine  melted  at  246'',  gave  an  intense  red  color  with 
sulphuric  acid,  and  crystallized  from  chloroform  in  the  usual 
prismatic  form.  The  body  soluble  in  alcohol  melted  at  193^- 
205^.  In  this  instance  the  tetraphenylazine  did  not  appear  to  be 
the  principal  product  of  reaction,  as  it  was  produced  in  much 
less  amount  than  the  lower  melting  body.  This  differs  very 
decidedly  from  the  usual  reaction.     The  j'ields  were  small. 

/.  Valeramide  and  Benzoin. — In  the  first  experiment  with  ben- 
zoin and  valeramide  one  gram  of  each  was  used  and  the  tube 
heated  four  hours  at  200^.  As  no  action  had  taken  place  it  was 
then  heated  for  several  hours  at  .temperatures  varying  from 
230^-280^.  When  opened  the  usual  combination  of  ammoniacal 
and  ethereal  odors  was  obser\  ^d.  Examinations  of  the  small 
amount  of  product  showed  that  a  reaction  had  taken  place. 

To  obtain  more  of  the  substance  two  more  tubes,  with  larger 
amounts  of  material,  were  heated  for  several  hours  at  from  220"- 
270°.  until  a  change  was  evident.  The  contents  of  the  three 
tubes  were  then  worked  up  as  before  with  the  usual  results. 
The  yield  obtained  was  very  small,  but  tetraphenylazine  was 
identified  by  the  melting  point  of  246**,  the  red  color  with  sul- 
phuric acid  and  the  crystalline  form.  The  other  body  melted  at 
i93**-209'.  As  with  butyramide,  the  relative  proportion  of  the 
products  was  different  from  that  observed  with  the  amides  of  the 
dibasic  acids,  tetraphenylazine  being  produced  in  smaller 
amount  than  the  other  body. 

HI.   ACTION   OF   THE    AMIDES  OF   THE    AROMATIC   SERIES   UPON 

BENZOIN. 

a.  Denzamide  and  Benzoin. — Molecular  proportions  of  benzoin 

1  Ber.  d.  chem.  Ges..  iSi  9S1. 
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and  benzamide  were  first  heated  together  in  an  oil-bath  at  120*^. 
No  action  took  place.  The  tube  was  then  heated  at  i50**-i6o*. 
Examination  of  the  tube  contents  showed  unchanged  beifzoin 
and  benzamide  and  nothing  else.  A  second  tube,  with  the  same 
amount  of  material  (two  grams  of  benzoin),  was  heated  for  six 
hoursat  i90**-200*',  but  without  producing  any  reaction.  Another 
tube,  with  double  the  amount  of  benzamide  heated  at  i90**-20o' 
for  several  hours,  gave  the  same  results,  unchanged  benzoin  and 
benzamide  being  found,  without  anything  else. 

As  these  experiments  had  shown  that  benzamide  would  not 
react  with  benzoin  under  the  same  conditions  that  the  other 
amides  did,  further  trials  were  made  at  higher  temperatures, 
with  better  results.  The  first  tube  prepared  with  the  amount  of 
alcohol  which  had  usually  been  used  were  all  lost  by  explosion, 
at  temperatures  between  220°  and  250°.  The  next  tube  pre- 
pared contained  only  a  very  small  amount  of  alcohol  with  ben- 
zoin and  benzamide  in  the  molecular  proportions  of  i  to  2.  It 
was  first  heated  four  hours  at  250*  without  producing  any 
change.  A  second  heating  for  seven  hours  at  250**-26o**  was  also 
without  apparent  action.  Then  for  seven  hours  the  tube  was 
heated  at  290°-3oo°,  a  portion  of  the  time  the  temperature  even 
rising  to  360®.  When  the  tube  was  opened  there  was  no  pres- 
sure apparent,  the  odor  of  ammonia  was  but  slight,  but  the 
alkaline  reaction  of  the  liquid  was  strong.  The  yield  of  crystals 
obtained  was  very  small,  but  melting  point  determinations 
showed  that  a  change  had  taken  place,  with  indications  of  the 
production  of  tetrapheuylazine  and  of  some  body  with  a  higher 
melting  point. 

Another  tube,  prepared  in  the  same  way,  was  heated  for  seven 
hours  at  25o°-265''.  As  the  crystals  were  deposited  on  cooling, 
the  tube  was  opened  and  the  contents  examined.  The  yield 
was  very  small,  but  separation  in  the  usual  way,  by  means  of 
boiling  alcohol  and  chloroform,  showed  the  fbrmation  of  at  least 
two  bodies,  which  from  their  melting  points  indicated  lophine 
and  tetraphenylazine.  There  was  no  indication  whatever  of  the 
presence  of  the  bodies  with  melting  points  of  about  200*"  and 
which  were  found  as  a  part  of  the  products  of  reaction  of  all  the 
other  amides  with  benzoin.     As  the   only   different    condition 
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here  was  that  of  higher  temperature,  the  same  conclusion  is 
reached  that  was  pointed  to  with  the  experiments  with  alcoholic 
ammonia  and  benzoin,  i,  e,^  the  higher  the  temperature  of  reac- 
tion the  less  the  amount  of  benzoinam  and  the  greater  the 
amount  of  lophine^ which  is  formed. 

b.  Saluylamide  and  Benzoin, — When  heated  together  in  the 
proportion  of  two  molecules  of  salicylamide  to  one  of  benzoin, 
for  six  hours  at  200^,  the  reaction  was  easily  induced.  When 
the  tube  was  opened  a  slight  pressure  was  evident,  the  liquid 
had  a  faintly  alkaline  reaction,  but  no  odor  of  ammonia,  while 
that  of  a  salicylic  ester  was  very  noticeable.  An  examination 
of  the  crystals  obtained  from  the  tube  was  made  in  the  usual  way 
by  means  of  treatment  with  boiling  alcohol  and  chloroform .« 

Tetraphenylazine  was  found  and  identified  by  its  melting, 
point,  color  reaction  with  sulphuric  acid  and  crystalline  form. 
From  the  alcoholic  extracts  the  usual  body  separated,  with 
melting  points  varying  from  i92**-207*'.  Salicylamide  therefore 
reacted  just  as  the  fatty  amide  did.  About  one-fifth  of  the  origi- 
nal amide  used  was  found  unchanged  in  the  liquid  drained  from 
the  crystals  in  the  tube. 

In  order  to  determine  whether  the  amides  would  react  with 
benzoin  directly,  without  the  intervention  of  a  solvent,  experi- 
ments were  tried  by  heating  them  together  in  a  dry  condition. 

When  malonamide  and  benzoin  were  mixed  together  and 
heated  by  means  of  a  paraffine  bath  at  about  160°,  action  com- 
menced and  there  was  an  evolution  of  gas,  which  proved  to  be 
ammonia.  At  lyo'',  the  melting  point  of  malonamide,  the  effer- 
vescence was  very  rapid.  The  heating  was  continued  until  the 
reaction  had  about  ceased,  and,  on  cooling,  the  reddish  crj'stal- 
line  mass  was  boiled  with  alcohol  and  the  residue  dissolved  in 
chloroform.  The  melting  point  determinations  showed  that 
tetraphenylazine  had  been  produced,  with  slight  traces  of  ben- 
zoinam. 

Succinamide,  when  heated  with  benzoin  in  the  same  way,  was 
also  found  to  react  with  the  evolution  of  ammonia.  Benzamide, 
even  when  heated  to  200°  with  benzoin,  under  the  same  condi- 
tions, was  without  action.  These  results  are  entirely  in  accord 
with  those  obtained  in  the  presence  of  alcohol,  and  under  pres- 
swe. 
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IV.   THBORBTICAL  DEDUCTIONS. 

Although  ill  the  nature  of  a  repetition,  the  results  of  this  work 
with  amides  may  be  summed  up  as  follows : 

Acid  amides,  heated  with,  benzoin  in  alcoholic  solution,  do 
not  yield  condensation  products  in  the  true  sense  of  the  term, 
but  break  down  with  the  liberation  of  ammonia  and  the  forma- 
tion of  an  ester  with  the  alcohol.  The  ammonia  then  reacts 
with  the  benzoin  in  the  way  already  studied  by  others.'  This 
reaction  takes  place  with  the  greatest  ease  with  malonamide,  and 
only  with  great  difficulty  and  at  high  temperatures  with  benza- 
mide.  In  everj-  case  tetraphenylazine  is  a  constant  product, 
while  benzoinam  and  benzoinidam  are  produced  at  lower  tem- 
peratures, lophine  at  higher.  The  presence  of  alcohol  is  not 
necessarj-  to  induce  the  breaking  down  of  the  amide,  as  the  same 
results  are  obtained  by  the  simple  interaction  of  the  dry  mate- 
rials. The  great  difierence  between  the  reactions  of  benzamide 
and  of  salicylamide  is  of  interest  as  another  example  of  the 
weakening  of  the  benzene  ring  by  the  presence  of  hydroxyl  in 
the  nucleus  of  the  latter. 

V.    A    STUDY   OF   TKTRAPHENVLAZINE. 

a.  ffiitorical. — As  tetraphenylazine  was  found  to  be  the  chief 
product  of  the  action  of  amides  upon  benzoin,  a  further  study  of 
this  body  was  instituted. 

A  brief  review  of  what  has  been  done  in  its  preparation  and 

investigation  may  be  of  interest.      Laurent  studied'  the  action 

of  anmionia  on  benzoin.     Later   Erdmann*  took  up  the  same 

stud}'  and  gave  the  name  benzoinimide  to  what  has  since  been 

shown  to  be  tetraphenylazine  by  Japp,  Wilson*  and  Burton.  The 

\-ery  interesting  work  of  these  later  investigators  showed,  that 

on   distillation  with  lime,   the  so-called  benzoinimide  of  Erd- 

1  intodiphenanthyleneazotide,  as  it  was  then 

icting  on  A- naphthoquinone  was  shown  to 

izine,  a  body  whose  constitution  had  been 

iigh  its  syntheses  by  Witt'  by  the  condensa- 
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tion  of  /^-naphthoquinone  with  a)9-diamidonaphthalene.  As 
ammonia  acting  on  phenanthraquinone  yields  the  **diphenan- 
thyleneazotide  "  this  was  also  considered  an  azine,  tetrapheny- 
leneazine,  and  hence  the  so-called  ditolaneazotide,  which  by 
distillation  with  lime  yields  the  tetraphenyleneazine,  was  itself 
given  the  proper  name  tetraphenylazine. 

Braun  and  Meyer'  have  produced  this  same  body  by  the 
action  of  sodium  amalgam  on  benziloxime,  and  have  called  it 
tetraphenylaldine.  The  only  substitution  product  of  tetraphenyl- 
azine which  has  been  obtained  is  the  tetra-nitro  derivative  pre- 
pared by  Braun  and  Meyer.  Attempts  were,  therefore,  made 
to  obtain  bromine  and  chlorine  derivatives,  but,  as  the  results 
will  show,  without  success. 

To  obtain  the  material  for  study,  the  tetraphenylazine  was 
prepared  by  the  method  described  by  Japp  and  Wilson,  by  heat- 
ing benzoin  with  ammonium  acetate  in  an  open  flask,  and  sepa- 
rating the  azine  from  the  other  products  of  the  reaction  by  means 
of  alcoholic  hydrochloric  acid.  This  was  found  to  be  an 
entirely  satisfactory  method  and  gave  a  good  yield  of  pure  mate- 
rial, melting  at  245*'. 

i.  BrominaHon. — The  azine  was  first  heated  with  carbon 
bisulphide  and  an  excess  of  bromine  for  eleven  hours  on  the 
water-bath  with  return  condenser.  Acid  vapors  were  given  off 
in  slight  amount.  An  examination  of  the  material  showed  that 
nobrominationhadtaken  place,  the  azine  being  found  unchanged, 
melting  at  245°.  A  second  experiment  was  made  by  boiling  a 
solution  of  the  azine  in  strong  alcoholic  hydrochloric  acid  with 
bromine.  An  examination  of  the  material  showed  that  the  azine 
was  unaffected. 

In  the  third  experiment,  chloroform  was  used  as  the  solvent 
and  bromine  was  added  in  the  calculated  quantity  to  produce  a 
tetra-brom  substitution  product.  Acid  vapors  were  given  off 
and  the  separation  of  dark  red  crystals  appeared  to  indicate  that 
a  substitution  had  taken  place.  These,  on  exposure  to  air, 
rapidly  lost  their  color,  and  by  treatment  with  alcohol  yielded 
the  unchanged  azine,  as  shown  by  the  melting  point  and  the 
absence  of  any  halogen.     Some  of  the  reactions,  as  the  action 

^Ber.d.chem.  Ces.^  11,  1269. 
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toward  solvents,  seemed  to  indicate  that  an  unstable  addition 
product  might  have  been  formed,  but  it  is  more  probable  that 
the  red  crystals  represented  simply  a  mechanical  mixture  of 
bromine  with  the  azine.  A  repetition  of  the  above,  with  the 
addition  of  a  few  crystals  of  iodine,  gave  the  same  results. 

In  the  next  trial  some  of  the  azine  was  heated  in  a  sealed  tabe 
with  bromine,  a  crystal  of  iodine  and  alcohol  for  seven  hours  at 
20o''-22o*.  When  the  contents  were  examined  it  was  found  that 
ethyl  bromide  and  acetic  acid  had  been  formed,  but  that  the 
azine  was  not  brominated.  The  ethyl  bromide  was  identified  by 
its  boiling  point  (38''-4o'')  and  odor,  and  the  acetic  acid  by  its 
boiling  point  (115^-123"),  and  the  formation  of  acetic  ether  with 
alcohol  and  sulphuric  acid.  The  dark  residue,  when  extracted 
with  chloroform,  gave  the  unchanged  azine,  melting  at  244**. 
The  insoluble  black  residue  appeared  to  be  carbon,  not  melting 
at  soo"",  insoluble  in  acids,  alkalies  or  the  usual  solvents,  burn- 
ing with  glowing,  and  not  containing  any  halogen. 

c,  Chlorination, — Tetraphenylazine  was  dissolved  in  chloro- 
form, and  through  the  solution  contained  in  a  retort  placed  on 
the  water-bath  and  connected  with  a  return  condenser,  a  stream 
of  dry  chlorine  gas  was  passed  for  six  hours.  An  examination 
of  the  material  showed  that  no  change  had  taken  place.  The 
same  material  was  then  subjected  to  the  action  of  chlorine  again, 
for  the  same  length  of  time,  with  the  same  result.  Aluminum 
chloride  was  then  added  to  the  contents  of  the  retort  and  a  rapid 
stream  of  chlorine  was  passed  through  for  six  hours,  for  a  part 
of  this  time  the  retort  being  in  direct  sunlight.  The  residue, 
after  removal  of  the  solvent,  was  boiled  with  water,  well  washed, 
dried,  and  dissolved  in  chloroform.  An  examination  of  the 
material  showed  that  no  halogen  had  entered  the  body.  Hence 
neither  bromine  nor  chlorine  substitution  products  could  be 
obtained  by  the  action  of  the  halogens  on  tetraphenylazine. 
This  great  stability  of  the  phenyl  groups  in  the  azine  ring  is  of 
interest,  and  entirely  in  accord  with  analogy. 

d.  Nitration  and  A  mutation. —FoUowing  the  method  employed 
by  Braun  and  Meyer',  the  tetranitro  derivative  of  tetraphenyl- 
azine was  prepared  by  slowly  adding  the  azine  to  cold,  fuming 

1  Loc.  cii. 
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nitric  acid,  with  stirring.  The  deep  yellow  liquid  was  then 
poured  into  an  excess  of  cold  water,  and  the  resulting  volumin- 
ous light  yellow  powder  filtered  out,  washed,  and  dried.  It  has 
an  indefinite  melting  point  between  140°  and  150®.  With  con- 
centrated sulphuric  acid  it  gives  an  orange  yellow  color,  very 
different  from  the  brilliant  red  yielded  by  the  unchanged  azine. 

To  prepare  the  aniido  derivatives,  the  tetranitroazine  was 
reduced  with  tin  and  hydrochloric  acid.  The  clear  red  solution 
was  diluted  with  water  and  the  tin  removed  with  hydrogen  sul- 
phide. The  removal  of  the  last  portions  of  tin  was  extremely 
dlfi&cult,  as  not  until  repeated  treatment  with  the  hydrogen  sul- 
phide in  a  nearh'  neutral  boiling  solution  could  a  base  be 
obtained  free  from  ash.  When  the  filtrate  from  the  sulphide  of 
tin  was  made  alkaline  with  ammonia  an  abundant  yellow  pre- 
cipitate was  obtained.  During  the  filtration  a  portion  of  this 
appeared  to  undergo  oxidation,  as  the  precipitate,  at  first  yel- 
low, became  green  on  the  surface,  and  the  filtrate,  at  first  clear, 
became  turbid  on  standing.  The  well-washed  precipitate  finally 
ceased  to  give  a  turbid  filtrate  and  dissolved  in  hydrochloric 
acid  with  red  color.  Hydrogen  sulphide,  when  passed  into  this 
solution,  gave  no  precipitate.  The  solution  was  boiled,  to 
remove  the  hydrogen  sulphide,  and  made  alkaline  with  ammo- 
nia, when  a  yellow  precipitate  was  thrown  down,  which  when 
filtered  and  washed,  showed  no  change  of  color  and  gave  a  clear 
filtrate.  When  dried  this  base  is  of  a  brownish  yellow  color,  is 
slightly  soluble  in  chloroform,  more  readily  in  boiling  alcohol. 
From  the  latter  solution,  on  evaporation,  it  is  obtained  as  before, 
in  an  amorphous  condition  without  any  sign  of  crystallization. 
When  heated  it  darkens  and  melts  above  260**,  with  decomposi- 
tion and  a  slight  sublimation. 

To  determine  its  composition,  the  hydrochloride  was  prepared 
by  dissolving  some  of  the  base  in  dilute  hydrochloric  acid  and 
evaporating  the  solution  over  sulphuric  acid  in  a  vacuum  desic- 
cator. No  crystals  could  be  obtained,  but  the  material  dried  to 
a  reddish-brown,  transparent  mass.  It  melts  at  about  140°,  and 
is  readily  soluble  in  water.  When  the  material,  which  had  been 
dried  over  sulphuric  acid,  was  heated  to  100''  in  the  air-bath,  its 
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loss  in  weight  would  indicate  five  molecules  of  water  of  crystal- 
lization. 

0.2867  gram,  after  heating  at  100°,  weighed  0.2480  gram  = 
13.49  per  cent,  water. 

C,N.(C,H,NH,HC1),  +  5H,0=  1323  per  cent,  water. 

0.2480  gram  hydrochloride,  dried  at  100°,  gave  0.2243  gram 
AgCl. 

Calculated  for 
C«N,(C«H4NH,HC1)«.  Pound. 

24.06  per  cent,  chlorine.  22.33  P^^  cent,  chlorine. 

Platinic  chloride,  added  to  the  aqueous  solution  of  the  hydro- 
chloride, precipitates  on  standing  a  reddish-brown   double  salt. 

0.1090  gram  platinum  double  salt  gave  0.0325  gram  platinum 
=  29.81  per  cent,  platinum. 

This  corresponds  to  a  salt  of  the  composition  : 

(C,N,(C,H,NH,HC1) JPtCl,4-iiH,0=3O.oi  percent. platinum. 

The  filtrate  mentioned  before  as  obtained  from  the  precipita- 
tion of  the  base  by  ammonia  becomes  turbid  on  standing  and 
slowly  precipitates  a  dark  greenish-blue  material.  When  acidi- 
fied with  hydrochloric  acid  it  gives  a  dark  g^een  solution,  which, 
under  certain  conditions  of  dilution,  gives  a  deep  blue  color. 
This,  when  treated  with  hydrogen  sulphide  or  zinc  and  hydro- 
chloric acid,  changes  to  green  and  finally  to  a  yellow  color. 
Standing  exposed  to  the  air,  it  gradually  reverts  to  the  blue 
color,  while  heating  with  nitric  acid  quickly  produces  the  same 
change. 

All  these  reactions  indicate  the  presence  of  another  base,  pos- 
sibly of  two  others  of  different  composition.  Their  constitution 
was  not  further  investigated. 

€,  Crystallographic  and  Optical  hivestigation. — As  tetraphenyl- 
azine  crystallizes  from  chloroform  in  brilliant  prismatic  crystals, 
an  examination  of  the  crystallographic  and  optical  constants 
was  made  with  the  following  results  : 

System  Triclinic. 

i:  b:c  =0.941°  :  i :  0.5611. 

a  =  83^  48'  ^  =  85°  13'  7  =  101-38'. 

100  A  010  =  101°  13'     >p  A  010  =  72^  36'. 

Calculated  001  A  010  =  86°  20'  001  A  100  =  84^  36'. 
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a  (100    i — 1) 
b  (oio    i— i) 

x(405    4— i) 


Forms. 
P  (HI    P>) 
Pi  (HI    *P) 


p,(IIi    ,P) 

Ps(in  PO 


TT 


P...P  =  35  33 

P.P    =26*  30* 
ax     =  55*  42 


Observed  Angles. 

ab==  iorj3'  ^Vi  =  ^*  4'         P..P,..  =  26'  35 

bp    =   72*36  ap    =  68*47' 

bp..  =   79' 23  ap,  =73' 12' 

biP,  =  73'  16'  pp,  =  35'  2 

Crystals  flat,  tabular  parallel  to  010. 
Cleavage  none. 

Optically  negative,   as  determined  .by  a  quarter  undulation 
mica  plate. 

Plane  of  optic  axes  parallel  to  c. 
Apparant  axial  angle  2E=  iS"*. 

Extinction  Angles. 

On  b parallel  to  edge  ab. 

On  a parallel  to  edge  ab. 

On  section  normal  to  c  as  14*  with  b. 
Indices  of  refraction  determined  by  the  microscope  method, 
using  sodium  light. 

On  b  with  edge  ab  normal  to  principal  section  of  Nicol  ss  1.873 
"       "       "      •*  parallel  **  **  '*     =2.217 

On  a    **       **      "   normal  **  "  "     =1.946 

..       .«        n      M  parallel  "  *•  "     =1.897 

VI.   ACTION  OF  BENZOIN   UPON   UREA   AND  THIOUREA. 

While  studying  the  action  of  amides  with  benzoin,  the  reac- 
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tions  with  urea  and  thiourea  were  examined.  Not  until  after 
considerable  work  had  been  done  was  it  found  that  Anschiitz 
and  Gelderman'  had  previously  studied  these  reactions  and  pub- 
lished their  conclusions.  The  results  that  were  obtained  fully 
corroborated  those  of  these  chemists,  and  so  will  not  be  given  in 
detail. 

a.  Urea  and  Benzoin, — Urea  and  benzoin,  when  heated 
together  with  alcohol  in  sealed  tubes  at  i75*-i95**,  do  not  react 
as  the  true  amides  do,  but  form  condensation  products,  with 
the  elimination  of  water.  That  they  react  in  this  manner  is  to 
be  accounted  for  by  the  fact  that  the  two  amido  groups  are  both 
linked  to  the  same  carbon  atom.  It  would  be  interesting  to  see 
whether  the  amides  of  the  amido  acids  of  the  fatty  and  aromatic 
series  would  undergo  condensations  of  the  same  nature. 

The  body  obtained  by  the  condensation  of  urea  and  benzoin 
dissolves  in  boiling  alcohol,  with  a  beautiful  blue  fluorescence,  and 
crystallizes  in  prismatic  forms,  which  are  dichroic.  In  the  earlier 
work  on  these  substances,  it  was  found  that  under  certain  con- 
ditions this  body  is  dimorphous,  coming  out  from  solution  in  two 
entirely  distinct  forms,  one  prismatic,  as  just  mentioned,  and  the 
other  in  bunches  of  ver>'  delicate  white  needles.  When  the  two 
forms  were  ver>'  carefully  mechanically  separated  and  dissolved 
in  boiling  alcohol,  each  solution,  on  cooling,  showed  crystals  of 
both  forms.  The  tendency  was  toward  the  assumption  of  the 
prismatic  form.  All  attempts  at  ascertaining  the  conditions 
under  which  these  could  be  produced  were  fruitless.  Later  work 
failed  to  give  the  needle  form,  only  the  prisms  being  obtained. 
That  the  two  bodies  were  identical  was  shown  by  the  melting 
points  and  a  determination  of  the  nitrogen  content.  Both  soft- 
tened  at  about  280°  and  melted,  not  sharply,  at  about  318*. 
Analyses  gave  the  following  results  : 

NEEDLE  FORM. 

G.1023  gram  substance,  burned  with  coppej*  oxide,  gave  11.4 
cc.  nitrogen  at  23"  and  763  mm.  =  12.59  per  cent,  nitrogen. 

PRISMATIC    FORM. 

0.2022  gram  gave  23.5  cc.  nitrogen  at  23**  and  759.5  mm.  = 
12.70  per  cent,  nitrogen. 

>  Loc.  cii. 
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The  t\i'0  bodies  are  therefore  identical. 

Extended  study  by  Anschiitz,  Gelderman,  and  Schwickerath* 
has  shown  this  body  to  be  diphenylacetylehurein. 

C,H,— C— NH 

II  >CO. 

C,H— C— NH 

Aualysis  of  the  prismatic  crystals  mentioned  above  confirm 
this. 

0.2203  gram  substance  gave  0.1044  gram  water,  and  0.6123 
gram  carbon  dioxide. 

Calculated  for 
Ci»Hi,NtO.  Found. 

Carbon 76.27  75-77 

Hydrogen 5.09  5.26 

Nitrogen 11.86  12,70 

Oxygen 6.78 

Evans'  has  shown  that  condensations  of  urea  with  /^-diketones 
can  be  induced  by  the  influence  of  acids  on  their  alcohol  solu- 
tion. Similar  experiments  were  therefore  tried  with  urea  and 
benzoin.  Urea  was  added  to  a  saturated  alcoholic  solution  of 
benzoin,  and  different  amounts  of  concentrated  hydrochloric  acid 
added.     No  condensation  was,  however,  produced. 

b.  Thiourea  and  Benzoin. — The  thiourea  used  was  prepared 
faom  ammonium  thiocyanate.  When  heated  with  benzoin  a 
condensation  takes  place,  with  the  formation  of  what  Anschiitz 
and  Schwickerath  have  shown  to  be  ory^-diphenylglyoxaline 
solphydrate.  In  the  experiments  with  this  body  the  two  forms 
of  crystals,  as  mentioned  under  the  urea  derivative,  were  pro- 
duced, but  the  prismatic  form  was  in  very  much  the  greater 
quantity,  the  needle  form  being  only  observed  in  very  small 
amount.  An  attempt  at  producing  the  needle  form  in  larger 
amount  was  made  b}^  using,  instead  of  thiourea  alone,  a  mixture 
of  equal  parts  of  this  and  ammonium  thiocyanate.  The  results, 
however,  were  the  same,  only  traces  of  the  needle  form  appear- 
ing. This  confirms  the  work  of  Anschiitz,  who  found  that  the 
same  body  was  produced  whether  thiourea  or  ammonium  thio- 
cyanate was  used. 

^Loc.  cii,,  and  Ann.  Ouni.  (Liebig).  284.  8. 
«/  ^rakl.  CA^m.,  4*.  489. 


ON  THE  INVERSION  OF  SUGAR  BY  SALTS. 

By  J.  H.  Long. 
Receired  December  5,  tigs. 

IT  is  a  well  known  fact  that  the  specific  rotation  of  solutions  of 
cane  sugar  is  decreased  by  the  presence  of  many  neutral 
salts,  even  by  sodium  chloride  and  other  salts  of  the  alkali  and 
earth  groups.  The  amount  of  this  decrease  has  been  measured 
by  several  chemists,  and  recently  very  carefully  by  K.  Fam- 
steiner,'  who  has  noted  the  connection  between  the  molecular 
weights  of  the  salts  dissolved  with  the  sugar  and  the  amount  of 
the  depression  they  produced.  In  a  solution  containing  for  each 
part  of  sugar  three  parts  of  water  and  i  .0036  parts  of  sodium 
chloride  the  specific  rotation  dropped  from  66.6**  to  62.47'. 
Similar  effects  were  observed  in  other  cases. 

The  extent  of  this  depression  is  dependent  to  some  degree  on 
the  temperature,  but  a  temporary  increase  in  temperature  does 
not  permanently  alter  the  rotation.  In  illustration,  a  solution  of 
pure  saccharose  containing  in  100  cc.  twenty-five  grams  of  the 
sugar  and  ten  grams  of  potassium  nitrate  gave  a  specific 
rotation  of  a^  =  66.22**  at  20*.  After  heating  one  hour,  but  so 
as  to  avoid  evaporation  or  pressure,  the  rotation  was  again 
determined  and  found  to  be  practically  the  same.  The  solution 
was  heated  in  a  small  flask  closed  with  a  perforated  rubber  stop- 
per having  a  capillary  glass  tube  in  the  perforation.  It  was  pos- 
sible by  this  means  to  heat  the  liquid  to  100°  in  boiling  water 
without  risk  of  appreciable  loss  by  evaporation. 

On  the  other  hand,  a  solution  of  sugar  and  zinc  sulphate 
which  gave  a  specific  rotation  of  64.98**  when  fresh,  showed,  after 
having  been  heated  forty-five  minutes  in  boiling  water,  as 
before,  a  specific  rotation  of  36.84**.  In  this  case  a  decided 
inversion  had  taken  place,  as  easily  shown  by  other  tests.  The 
behavior  of  zinc  sulphate  is  similar  to  that  of  a  large  number  of 
other  substances.  Loewenthal  and  Lenssen'  state  that  zinc  sul- 
phate and  other  neutral  salts  are  without  inverting  action,  but 
B^champ,  a  little  later^  gave  a  list  of  these  salts  which  are  able 
to  produce  a  marked  inversion.     The  phenomenon  is  an  inter- 

1  B^r.  d.  chem.  Ges.,  a3,  3570. 

^Jsb.  Chem.,  i86j,  120,  and  Ostwald,  Allg.  Chemie,  a,  8x1; 

*j5b.  Chem.,  1864,  573,  and  Gmelin,  Handbuch  dcr  Org.  Chem.,  iv.,  i,  691. 
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estiug  one,  and  one  which  can  now  be  easily  explained,  but 
until  quite  recently  the  literature  has  been  almost  silent  on  the 
subject.  I  wish  to  present  in  what  follows  a  few  observations 
bearing  on  the  question. 

Over  a  year  ago  in  giving  instruction  to  a  class  of  students  in 
the  use  of  the  polarimeter  I  suggested,  as  an  illustration  of  a 
substance  for  examination,  not  free  from  color,  the  syrup  of  fer- 
rous iodide  of  the  pharmacopeia.  Instead  of  exhibiting  a  more 
or  less  marked  right  hand  rotation,  as  was  expected,  it  was 
found  to  be  strongly  levo-rotatory.  The  syrup,  however,  was 
known  to  be  old  and  had  been  exposed  to  the  light.  As  a  cer- 
tain practical  interest  attaches  to  the  question  it  was  decided  to 
investigate  fresh  solutions. 

The  syrup  of  the  pharmacopeia  is  made  to  contain  in  loo  cc. 
about  63  grams  of  sugar  and  13.4  grams  of  ferrous  iodide. 
On  January  19,  1895,  a  liter  of  this  solution  was  made  accord- 
ing to  the  usual  process,  special  care,  however,  being  taken  in 
the  selection  of  the  sugar  and  iodine  employed.  The  liquid 
polorized  immediately,  in  a  200  mm.  tube,  gave  atd  =  81.15°  at 
20"  Four  days  later  the  rotation  was  found  practically  unchanged, 
the  syrup  having  been  kept  meanwhile  in  the  dark.  A  bottle 
holding  about  100  cc.  and  furnished  with  a  glass  stopper  was 
then  filled  with  the  syrup  and  allowed  to  stand  until  May  6th 
and  exposed  to  diffused  light.  This  portion  now  showed  on  polar- 
ization flTp  =  53.12*^  in  the  200  mm.  tube,  while  the  original,  kept 
in  the  dark,  polarized  63.17**.  On  this  date,  May  6th,  a  second 
portion  of  the  original  was  filled  into  a  bottle  and  allowed  to 
stand  in  the  light.  It  was  polarized  at  different  intervals,  with 
results  as  follows,  at  20^*,  in  the  100  mm.  tube  : 

July  15th        (to 4-6.66^ 

Aug.  24th         **  —4.36^ 

Oct.  22nd         "  —13.10^ 

Nov.  15th         '•   — 13.42^' 

Another  portion  of  the  original  which  had  stood  since  January 
19th  in, a  small  full  bottle  in  the  light  gave  now  in  the  100  ram. 
tubeflfD  =  — 15.66°.  From  this  it  appears  that  in  the  interv^al 
the  saccharose  had  undergone  complete  inversion.  The  origi- 
nal rotation  observed,  81.15°,  was  that  of  a  solution  in  which 
some  inversion  had  already  taken  place. 
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Another  solation  was  prepared  on  May  9tli,  containing  in  250 
cc,  140  grams  of  sugar  and  an  amount  of  ferrons  iodide  corres- 
ponding to  twenty-eight  grams  of  iodine.  The  sjrmp  and  iodide 
solution  were  hot  when  mixed.  This  polarized  at  20'  gave  a 
rotation  of  33.25°  in  the  100  mm.  tabe,  which  corresponds  to  a 
specific  rotation  of  59.38°.  At  intervals  the  following  rotations 
were  found  from  two  portions  of  this  solution,  which  had  been 
poured  into  glass  stoppered  bottles  and  kept  in  the  light.  One 
bottle  was  full  and  the  other  not  quite  full. 

Poll  born*.  P«rUy  filled. 

Jnly  13O1  <iB 18.W  +9-y'^ 

Alig.24th         "   8.58°  -(-3-S*° 

Oct-Mnd  "   3.76"  — Io.l6= 

Nov.  15th         "   3.-]o~  —10.75- 

It  is  apparent  from  the  above  that  the  presence  of  air  in  the 
bottle  with  the  solution  has  a  marked  influence  on  the  rapidity 
of  inversion. 

INFLUENCE  OF  TEMPERATUKE. 

The  solution  just  described  stood  at  the  laborator\-  tempera- 
ture during  the  time  of  the  observations.  A  marked  decrease  in 
the  time  required  for  full  inversion  would  naturally  be  expected 
by  working  at  a  higher  temperature.  This  was  shown  by  heating 
some  of  the  last  solution  in  boiling  water  during  ninety  minutes. 
The  solution  was  contained  in  a  flask  with  a  capillar}'  stopper. 
Before  heating  it  had  a  rotation  of  33.23°  in  the  100  tnin.  tube ; 
after  the  application  of  heat  the  reading  was  — 1 2. 75°  in  the  same 
tube.  The  following  day  the  solution  was  reheated  throagh 
three  hours  and  polarized  again,  giving  now  — 13.00°  at  20'. 
Heating  through  niuet}-  minutes  was  therefore  sufficient  to  com- 
plete the  reaction,  and  it  is  evident  that  an  inversion  which  at 
the  mean  laboratorj-  temperature  of  2o''-25°  requires  months  for 
its  completion  may  be  accomplished  in  less  than  two  hours  at  the 
temperature  of  boiling  water. 

and  later  that  a  moderate  increase  of  tem[>erature 
eatly  hasten  the  inversion ;  this  becomes  rapid  only 

INFLVKSCE  OF  LIGHT. 

be  remarked  that  the  inversion  by  heat,  as  well  as 
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by  long  standing  in  the  light,  is  accompanied  by  a  idecided  loss 
of  color.  A  solution  of  ferrous  iodide  exposed  to  the  air,  or 
protected  from  the  air  and  kept  in  the  dark,  soon  becomes  brown 
from  partial  decomposition  and  separation  of  iodine,  which  is 
easily  shown  by  the  starch  reaction.  In  stoppered  bottles  it#the 
light,  however,  this  decomposition  is  almost  wholly  prevented 
and  in  an  already  colored  solution  in  which  free  iodine  is  shown 
by  tests,  the  color  is  lost  by  exposure  to  the  light. 

Well-made  undecomposed  solutions  of  ferrous  iodide  are 
described  as  light  green,  but  they  may  become  almost  as  colorless 
as  water,  leaving  the  iron  in  a  perfectly  reduced  condition.  It 
has  been  found  by  numerous  trials  that  the  rate  of  inversion  is 
more  rapid  in  bottles  exposed  to  the  lightthan  in  similarly  filled 
bottles  kept  in  the  dark.  The  rapidity  of  inversion  is  further 
increased  if  the  solution  is  exposed  to  the  action  of  light  and  heat 
together.     More  will  be  said  of  this  later. 

The  phenomena  described  above  are  not  confined  to  ferrous 
iodide  but  are  exhibited  by  many  other  salts.  In  fact,  from 
theoretical  considerations,  they  should  be  expected  in  some 
degree  from  the  salts  of  all  the  so-called  heavy  metals,  as  will 
presently  be  pointed  out.  First,  however,  some  actual  experi- 
mental results  will  be  given. 

FERROUS  CHLORIDE. 

A  solution  containing  in  100  cc,  50  grams  of  cane  sugar  and 
four  and  one- tenth  grams  of  pure  ferrous  chloride  was  prepared. 
The  ferrous  salt  was  made  by  the  action  of  an  excess  of  iron  on 
hydrochloric  acid,  and  the  syrup  made  with  this  and  the  sugar 
was  bright  green.  It  showed  a  rotation  of  32.75°  in  the  loo  mm. 
tube,  or  a  specific  rotation  of  65.50°.  After  heating  one  hour  to 
100"  the  rotation  was  found  to  be  — 6.42°  in  the  same  tube. 

FERROUS  BROMIDE. 

The  solution  contained  in  100  cc,  50  grams  of  saccharose  and 
ten  grams  of  the  bromide.  The  latter  was  made  by  the  action 
of  bromine  and  water  on  iron,  and  the  solution  so  obtained  was 
filtered  into  the  dissolved  sugar.  The  rotation  of  the  fresh  mix- 
ture was  found  to  be  32.25°.  A  portion  was  heated  one  hour  to 
100°  and  was  then  polarized,  after  cooling  to  20°,  giving  now  a 
rotation  of  — 10.26°. 
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FERROUS  SULPHATE. 

The  solution  of  too  cc.  was  made  with,  fifty  grains  of  sug^ar 
and  ten  grams  of  pure  crystallized  sulphate.  It  was  slightly 
cloudy  and  could  not  be  polarized  with, the  greatest  accuracy, 
but*the  reading  was  nearly  33'.  1  A  portion  was  heated  one  hour 
away  from  the  air.  It  became  clear  and  could  be  easily  exam- 
ined in  the  polarimeter,  showing  now  at  20**  in  the  100  mm.  tube 
18.20''.  This  decrease  is  much  less  than  in  the  other  cases,  but 
not  unexpected. 

FERROUS  AMMONIUM  SULPHATE. 

The  solution  made  contained  in  100  cc,  fifty  grams  of  sugar 
and  ten  grams  of  the  crystallized  salt.  When  fresh  it  gave  a 
rotation  of  33.08°.  After  heating  five  hours  to  71®  the  rotation 
was  found  to  be  27.20°.  This  solution  was  allowed  to  st^nd  in  a 
stoppered  bottle  in  the  light  and  was  polarized  at  different  inter- 
vals with  the  following  results : 

July  24th         Ad 27.20^ 

Aug.  24th         " 20.22° 

Oct.  22tid          *'  10.23^ 

Nov.  15th           "   7.53'"^ 

We  have  here,  as  before,  a  slow  rate  of  inversion. 

MANGANOUS  CHLORIDE. 

A  solution  was  made  on  July  24th,  containing  in  100  cc.  fifty 
grams  of  sugar  and  ten  grams  of  the  carefully  purified  salt  vrith 
4H,0.  It  gave  immediately  a  rotation  of  32.88**,  and  after  heat- 
ing five  hours  to  71**  a  rotation  of  28.16**.  From  this  date,  July 
24th,  the  heated  portion  was  allowed  to  stand  in  the  light  at  the 
laboratory  temperature  in  a  full  bottle,  and  showed  at  intervals 
the  following  rotations,  all  in  the  100  mm.  tube,  at  20**: 

Aug.  24th  Oo 22.20° 

Oct.  22nd         *•  4.71° 

Nov.  15th  "  i.66« 

After  standing  a  short  time  in  the  light  this  solution  became 
as  colorless  as  water  when  observed  in  a  clear  glass  bottle  of  four 
cm.  diameter. 

MANGANOUS  SULPHATE. 

The  experimental  solution  was  made  to  contain  in  100  cc.  fifty 


INVERSION   OF   SUGAR   BY  SALTS.  1 25 

grams  of  sugar  and  ten  grams  of  crystallized  manganous  sulphate 
(MnS04+4H,0) .  Therotation  was  found  to  be  33.  i6**.  On  heating 
the  solution  one  hour  to  100^  it  became  slightly  decomposed  and 
darker  in  color,  instead  of  lighter  as  with  the  chloride.  The 
decomposition  product  was  small  in  amount  but  exceedingly  fine 
and  dark.  It  remained  long  in  suspension,  making  an  exact 
reading  of  the  rotation  impossible.  It  was  about  +7**,  however, 
in  the  100  mm.  tube.  The  suspended  substance  was  probably 
an  oxide  of  manganese. 

ZINC  SULPHATE. 

A  solution  containing  fifty  grams  of  sugar  and  ten  grams  of 
the  sulphate  in  100  cc.  showed  when  fresh  a  rotation  of  32.98^ 
for  100  mm.  After  heating  forty-five  minutes  in  boiling  water 
the  rotation  was  reduced  to  18.42°  for  the  same  tube. 

POTA'SSIUM  ALUMINUM  SULPHATE. 

With  a  solution  containing  fifty  grams  of  sugar  and  five  grams 
of  the  alum  in  100  cc.  a  rotation  of  33®  was  found  immediately. 
A  portion  was  heated  one  hour  in  the  water-bath  to  100°,  and  on 
cooling  to  20"^  was  polarized  again,  showing  now  a  rotation  of 
— 9.99.  The  heated  solution  became  slightly  cloudy,  but  the 
original  remained  clear  through  the  several  weeks  it  was  kept. 

LEAD  V^ITRATE. 

A  fresh  solution  with  50  grams  of  sugar  and  ten  grams  of  the 
salt  in  100  cc.  showed  a  rotation  of  33.13''.  A  portion  heated 
one  hour  to  100**,  showed,  after  cooling  to  20**,  a  rotation  of 
— 9.65^  in  the  same  tube. 

LEAD  CHLORIDE. 

Some  chloride  was  made  by  precipitation  of  the  nitrate  by 
sodium  chloride.  The  product  was  recrystallized  from  hot 
water  and  washed  repeatedly  on  a  filter  with  cold  water.  About 
two  g^ams  of  the  moist  precipitate  was  mixed  with  fifty  grams  of 
sugar  in  water  enough  to  make  ninety  cc.  and  heated  until  it 
dissolved.  On  cooling  the  volume  was  made  to  loocc.  A  part 
of  the  chloride  separated.  The  rotation  was  now  fouifd  to  be 
23.52*.  The  mixture  was  shaken  and  a  portion  transferred  to  a 
flask  i^th  capillary  stopper,  where  it  was  heated  one  hour  to 
100**.      After  cooling  the  rotation  was  found  to  be  — 7.53*. 
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CADMIUM  CHLORIDE. 

A  fresh  solution  with  fifty  grains  of  sugar  and  eight  grams  of 
the  chloride  in  lOO  cc.  gave  a  rotation  of  32.91°.  After  heat- 
ing to  lOo""  it  was  reduced  to  — 9.50**. 

MERCURIC   CHLORIDE. 

The  original  solution  of  fifty  grams  of  sugar  and  five  grams  of 
chloride  in  100  cc.  gave  a  rotation  of  33.22**.  A  portion  was 
heated  an  hour  to  loo""  and  became  turbid,  depositing  on  cooling 
a  fine  white  precipitate.  The  clear  liquid  showed  a  rotation  of 
—  lO-So**.  A  second  portion  was  heated  a  shorter  time,  to  the 
beginning  of  turbidity  only.  It  was  quickly  cooled  and  polarized, 
showing  a  rotation  of  —  4.82°.  By  prolonged  heating  more  of 
the  precipitate  is  formed.  It  appears  to  consist  of  mercurous 
chloride  only. 

The  salts  tested  above,  while  commonly  called  neutral,  are 
those  in  which  the  base  is  very  weak  when  compared  with  the 
acid.  It  is  such  salts  that  show  in  solution  an  acid  reaction  with 
certain  indicators  and  the  parallelism  between  the  phenomena 
observed  here  and  that  of  the  inversion  of  sugar  by  acids  natur- 
ally suggested  itself.  The  following  further  test  with  a  solution 
of  ferrous  iodide  was  therefore  made.  This  solution  contained 
in  100  cc.  fifty  grams  of  sugar  antt  ten  grams  of  the  iodide.  It 
polarized  when  fresh  32.41'*  in  the  100  mm.  tube.  A  number  of 
small  vials  were  nearly  filled  with  this  solution  and  they  were 
heated  in  a  thermostat  through  different  times  as  shown  below. 
The  vials  were  made  of  selected  glass,  not  readily  attacked,  and 
before  use  were  heated  some  hours  with  hydrochloric  acid. 
They  were  then  washed  and  boiled  with  distilled  water  and 
dried.  Before  being  placed  in  the  thermostat  they  were  closed 
with  rubber  stoppers  having  a  capillary  tube  through  the  per- 
foration. The  upper  end  of  this  extended  above  the  water  in 
the  thermostat.  The  capillary  opening  was  sufficiently  fine  to 
prevent  any  appreciable  evaporation  of  the  syrup  while  being 
heated.  The  water  in  the  thermostat  was  kept  at  about  77.5*. 
Vials  were  removed  from  time  to  time  and  cooled  quickly  so  that 
the  contents  could  be  examined  in  the  polarimeter.  The  follow- 
ing results  were  found : 
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Time  of  heating  Observed 

in  minutes.  rotation. 

o  32.41^ 

30  28.00° 

60  26.25° 

90  26.15° 

210  24.61^ 

390  18.48° 

570  16.60° 

810  4.70^ 

These  figures  showa  rapid,  but  an  irregular  change,  in  the  rota- 
tion with  the  time,  but  as  the  temperature  was  not  maintained 
with  great  accuracy,  and  as  some  of  the  vials  were  more  exposed 
to  the  light  than  others,  greater  uniformity  could  not  be 
expected. 

To  determine  whether  or  not  the  inversion  proceeds  according 
to  the  law  of  Wilhelmy,  a  second  series  of  experiments  was 
made  in  which  the  temperature  was  carefully  regulated  and  in 
which  the  small  vials  holding  the  sugar  solutions  were  wrapped 
in  tinfoil  for  protection  against  the  light.  The  temperature  in 
the  last  series  of  experiments  was  too  low  to  permit  them  to  be 
completed  in  a  reasonable  time.  It  was  therefore  brought  to 
87.5'*  for  the  following  tests. 

The  amounts  of  sugar  and  ferrous  iodide  were  the  same  as 
before,  but  greater  care  was  taken  in  the  preparation  of  the  solu- 
tion. Several  samples  of  high  grade  commercial  sugar  were 
tested,  and  one  was  selected  which  satisfied  all  requirements  as 
to  parity.  For  250  cc.  of  solution  125  grams  of  this  sugar  is 
dissolved  in  a  small  quantity  of  water  in  a  graduated  flask  by 
aid  of  heat.  Then  20.5  grams  of  the  pure  iodine,  sublimed 
with  potassium  iodide,  is  weighed  out  and  mixed  in  a  flask  with 
fifty  cc.  of  water  and  seven  grams  of  pure  fine  iron  wire.  The 
action  of  the  iodine  on  the  iron  begins  soon  and  must  be  checked 
after  a  time  by  dipping  the  flask  in  cold  water.  Finally  when 
the  action  is  practically  complete,  as  shown  by  the  disappearance 
of  the  iodine  and  change  of  color  to  greenish  brown,  the  solu- 
tion is  boiled  to  make  the  reduction  to  the  ferrous  condition 
perfect.  The  amount  of  iron  taken  is  largely  in  excess  of  that 
which  can  combine  with  the  iodine.  The  ferrous  solution  is  now 
allowed  to  cool  to  50**-6o**  C.  and  filtered  into  the  cooled  sugar 
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solution  made  as  above.  The  last  traces  of  iodide  from  the 
flask  and  paper  are  washed  down  into  the  syrup  by  aid  of  a 
little  boiled  and  cooled  water.  Finally  the  whole  volume  is 
made  up  to  250  cc.  by  the  addition  of  distilled  water.  In  this 
manner  a  solution  is  secured  which  contains  in  loocc.,  fifty  grams 
of  saccharose  and  ten  grams  of  ferrous  iodide ,  and  which  is 
practically  free  from  inversion.  The  specific  rotation  of  the 
strong  pure  syrup  is  66.5**;  that  prepared  with  the  iodide  is 
64.82*,  as  found  from  the  mean  of  many  closely  agreeing  deter- 
minations. It  will  be  noted  that  this  lower  specific  rotation  is 
about  the  same  as  that  found  for  the  solutions  of  the  other  salts 
described  above.  The  decrease  «in  the  rotation  is  apparently 
not  a  result  of  inversion. 

The  method  of  preparation  of  the  syrup  of  ferrous  iodide  as 
described  in  the  Pharmacopeia  leaves  a  product  slightly  inverted 
because  of  the  higher  temperature  of  mixing  the  sugar  and 
iodide  solutions.  When  portions  of  the  syrup  made  as  just 
described  are  heated  in  boiling  water  an  hour,  in  flasks  with 
capillar>*  stoppers  to  prevent  evaporation,  the  rotation  is 
reduced  to  —  1 1.5"*  at  20**  for  the  100  mm.  tube.  This  value  is 
almost  identical  with  that  calculated  from  the  experiments  of 
Oubbc.'  CTX.,  — 1 1. 31"*  for  the  rotation  produced  by  the  inver- 
sion of  fifty  grams  of  cane  sugar  in  100  cc.  The  presence  of  the 
excess  of  iodide  seems  to  be  without  much  inflnence  on  the  spe- 
cific rotation  of  the  invert  sugar. 

In  the  experiments  gi\^n  below,  the  rotations  were  found  in  a 
100  mm.  tube  at  ^.  The  reading  before  heating  was  32.41*. 
ami  this  is  taken  as  the  initial  rotation  instead  of  the  theoietical 
^^.i^*.     Applvin^  the  Wilhelmv-Ostwald  formnla  w«  have 

r.ji:   .og.      -— —  =  C, 

in  which  A  n?pnf>*fn:^  the  total  amount  of  sugar  present  and 
niAv  be  r.:ea>un?vl  by  the  tv>:al  change  in  the  rotatioii.  It  is 
thetx^tv^nr  5^.4:'  —  —  : :  .5 »  —  43.C:*.  x  represents  the  amoant 
c*:  suii^r  ^-tx-^nevl  it  the  tine  .*.  and  ts  measured  by  the  decrease 
ir.  rozif.or.  At  th^t  time  A  —  .1  r^rresents  tbe  sugar  xemaining 
AUvi  t'e  wrlvvtty  o:  the  ir:%>er>v:or!  >hc:Llc  !^  proportional  to  this. 
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The  table  below  gives  the  results  of  a  series  of  experiments. 
The  solutions  were  wanned  two  minutes  before  the  counting  of 
the  times,  t^  began,  as  this  was  found  necessary  to  bring  them  to 
the  proper  temperature.  This,  of  course,  introduces  a  small 
error  into  the  calculation.  The  values  in  the  fourth  column  are 
obtained  by  the  use  of  common  logaritims. 


/ 

Observed 

A 

''    log.      ^ 

mia. 

rotation. 

X 

^^^'  A—x 

/        *    A-x 

30 

28.50^ 

3.91° 

0.04050 

0.00135 

60 

24.85° 

7.56° 

0.08206 

0.00137 

120 

1 

17.80^ 

14.61° 

0.17569 

0.00146 

180 

13.35'' 

i^.o6° 

0.24723 

0.00137 

240 

6.32° 

26.090 

0.39165 

0.00163 

300 

4.32° 

28.09° 

0.44335 

0.00148 

420 

—9.00^ 

41.41° 

1. 24461 

0.00296 

The  results'of  the  last  column  are  sufficient  to  indicate  that 
the  inversion  follows  the  general  law  shown  by  Wilhelmy  to  hold 

for  the  action  of  weak  acids  on  sugar  solutions.     The  values  of 

I  A 

-log.  -J are  not  constant,  but  considering  the  conditions  of 

the  experiment,  must  be  considered  close  enough  until  the  la^t 
one  is  reached.  The  solution  of  the  sugar  is  a  very  strong  one 
<x)ntaining  fifty  grams  in  100  cc,  and  from  such  a  degree  of 
concentration  no  great  regularity  can  be  expected.  The  varia- 
tion in  the  amount  of  water  present  as  the  saccharose  becomes 
changed  into  dextrose  and  levulose  must  have  some  influence  on 
the  progress  of  the  reaction,  and  one  of  the  fundamental  condi- 
tions of  the  Wilhelmy  experiment  is  therefore  not  accurately 

observed.     It  has  frequently  been  pointed  out  that  the  constant 

I  A 

T  ^^^'  ~A "**y  ^  quite  irregular  when  calculated  from  tests 

*  J^      X 

on  very  strong  solutions.  The  values  are  really  constant  only 
when  the  solvent  is  so  greatly  in  excess  that  slight  changes  in  it 
in  the  progress  of  the  reaction,  may  be  neglected.  In  the 
present  case  about  two  and  five-tenths  grams  of  water  disappear 
in  the  formation  of  the  new  molecules,  and  this  from  a  solution 
already  very  strong.  Part  of  the  irregularity  in  the  constant 
may  doubtless  be  explained  in  this  manner.  An  accidental 
exposure  to  light  during  the  last  interval  of  the  heating  may 
partly  account  for  the  change  in  the  last  value. 
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It  has  been  found  by  later  experiments,  some  of  which  are 
still  in  progress,  that  with  dilution  of  the  solutions  much  more 
uniform  results  may  be  secured,  approaching,  in  fact,  those 
obtained  from  the  action  of  weak  acids  alone. 

The  cause  of  the  inversion  of  strong  sugar  solutions  by  these 
heavy  salts  is  undoubtedly  to  be  found  in  their  condition  of  par- 
tial hydrolysis  by  the  solvent.  The  acid  ion  in  each  case  is  a 
strong  one,  while  the  basic  ions  are  all  relatively  weak.  Indeed, 
it  has  been  suggested  b}'  Walker  and  Aston*  that  the  amount  of 
hydrolysis  in  solutions  of  certain  salts  may  be  approximately 
measured  by  comparing  the  speed  of  inversion  with  that  of 
known  amounts  of  weak  acids.  The  method  can  be  easil}' 
applied  to  a  large  number  of  solutions  of  moderate  concentration. 
Further  investigations  with  special  reference  to  ferrous  salts  are 
now  in  progress. 

Chicago.  Dbcbmber,  1895. 
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INTRODUCTION. 

BY  mixing  together  water  solutions  of  platinum  chloride  and 
potassium  bromide  in  the  proportion  of  one  molecule  of 
platinum  chloride  to  two  molecules  of  potassium  bromide, 
Pitkin  obtained^  a  compound  having  the  composition  represented 
by  the  formula  K,PtCl,Br,. 

Two  possible  explanations  were  advanced  b)'  Pitkin, 

( 1 )  PtCl,  +  2KBr  =  K,PtCl,Br,, 
a  true  chemical  compound  being  formed,  or 

(2)  4KBr  +  3PtCl,  =  2K,PtCl.  +  PtBr, 
PtBr,  +  2KBr  =  K,PtBr,. 

giving  thus  an  isomorphous  mixture  of  K,PtCl,  and  K,PtBr,. 
In  either  case  the  percentage  of  the  elements  remains  the  same. 
To  determine  which  of  the  two  explanations  is  correct,  he 
resorted  to  fractional  crystallization,  and  from  the  above   solu- 

ly.  Chem.  Soc.,  July.  1895. 
«  Thig  Journal,  i,  472. 
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tion  obtained  three  successive  crops  of  cr>'stals.     Determinations 
of  platinum  in  each   of  these  showed  that  they  were  identical, 
and  he  concludes,  therefore,  that  the  substance  is  a  chemical 
compound  and  not  an  isomorphous  mixture. 
In  a  second  paper*  he  described  the  series 

K,PtBr,Cl 
K,PtBr,Cl, 
K,PtBr,Cl, 
K,PtBr.Cl, 
K.PtBrCl,. 
These  were  prepared  b)-  mixing  together  stated  quantities  of 
KjPtCl^  and  K,PtBr„    dissolving    in   water  and  crystallizing. 
Three  successive  crops  of  K,PtCl^Br  were  obtained,  showing 
respectiveh'  36.97,  37.04  and  36.99  per  cent,  of  platinum,  again 
confirming  the  idea   that  these  substances  were    true   chemi- 
cal compounds, 

In  the  discussion,  which  followed  the  reading  of  the  paper, 
Dr.  Endemann  suggested  that  these  substances  were  most  prob- 
ably isomorphous  mixtures. 

In  a  third  paper  Pitkin  discussed  the  question  of  isomorphism 
and  fractional  crystallization,  upholding  his  formerly  expressed 
view  that  the  platinum  compounds  were  true  chemical  com- 
pounds.    His  argument  was : 

1 .  In  isomorphism  '  *  the  resulting  mixed  crystal  has  a  com- 
position dej)endent  on  the  ratio,  one  to  the  other,  of  the  isomor- 
phous salts  in  solution  or  the  constituents  forming  these  salts." 

2.  ''When  two  isomorphous  salts  together  in  solution  are 
subjected  to  fractional  crystallization,  the  salts  differing  in  their 
degree  of  solubility  in  the  menstruum  employed,  the  crystals  first 
formed  will  contain  relatively  a  greater  amount  of  the  more 
insoluble  salt,  while  the  cni^stals  formed  at  the  end  will  l>e  cor- 
respondingly rich  in  the  more  soluble  salt.*' 

It  is  principally  upon  the  .second  consideration  that  he  bases 
his  claim  that  the  substances  are  true  chemical  compounds  and 
not  isomorphous  mixtures.  This  claim  has  been  generally 
accepted  and  we  find  in  many  text  books  descriptions  of  the  salt 
PtCl,.2KBr. 

1  This*  Journal,  a.  396. 
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Quite  recently  Pigeon*  has  prepared  a  substance  to  which  he 
gives  the  formula  K,PtCl,Br,.  He  considers  it  one  of  the  series 
previously  prepared  by  Pitkin. 

During  the  past  few  years  I  have  been  constantly  occupied 
with  efforts  to  prepare  double  halides  containing  more  than  one 
halogen.  I  have  shown*  that  the  double  halides  of  lead  and 
potassium  and  of  antimony  and  potassium  containing  more  than 
.  one  halogen  are  isomorphous  mixtures  of  the  double  halides 
containing  one  halogen.  It  has  seemed  desirable,  therefore,  to 
repeat  the  work  of  Pitkin  and  determine  whether  the  facts  upon 
which  he  based  his  reasoning  are  correct. 

I  may  state  in  advance  that  his  analytical  results  are  altogether 
inaccurate  and  inadequate.  The  reasoning  which  he  makes  use 
of  to  prove  that  the  substances  are  true  chemical  compounds, 
proves  beyond  doubt,  when  interpreted  by  the  results  which  I 
have  obtained «  that  the  substances  are  isomorphous  mixtures. 

METHOD  OF    ANALYSIS. 

In  the  analyses  of  his  compounds  Pitkin  determined  platinum 
alone.  These  determinations  were  made  by  heating  the  sub- 
stance with  oxalic  acid,  thoroughly  w*ashing  the  residue  and 
weighing  the  dried  spongy  platinum. 

Deeming  the  determination  of  platinum  alone  insufficient,  I 
have  analyzed  all  the  compounds  prepared  during  this  investiga- 
tion by  reduction  in  hydrogen. 

The  hydrogen,  generated  in  a  Kipp  apparatus,  was  purified  by 
being  passed  through  an  acid  solution  of  potassium  permanga- 
nate, o\'er  moist  copper  carbonate,  through  alkaline  permanga- 
nate solution,  through  water,  and  finally  over  calcium  chloride, 
in  the  order  named.  The  gas  was  then  passed  through  a  com- 
bustion tube,  about  twel\-e  inches  in  length,  in  which  was  placed 
a  porcelain  boat  containing  a  weighed  quantity  of  the  substance 
to  be  analyzed.  The  combustion  tube,  constricted  at  the  end, 
was  closely  cc^nnected  with  a  U  tube  in  turn  connected  with 
ar.v^ther  y  tuS?,  K'^th  tubes  containing  potassium  hydroxide 
solutiv^a.  Be:cre  analysis  the  dried  cr>-stals  were  finely  powdered 
ar.d  thoroughlv  dried  at  no'.     Alter  placing  in  the  combustion 

1    ■«*•     .•«'•■     M»»     '"'      ••  *A* 
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tube  the  boat  containing  the  substance  to  be  analyzed,  all  air 
was  driven  out  by  the  current  of  hydrogen.  Gentle  heat  was 
then  applied  by  means  of  a  Bunsen  burner  with  a  winged  top 
attachment.  As  the  reduction  proceeded  the  heating  was  slowly 
increased  until  the  [flame  from  the  burner  almost  touched  the 
tube.  This  was  maintained  for  some  time.  Finally  the  flame 
was  removed  and  the  tube  allowed  to  cool,  hydrogen  passing 
through  for  one  hour  longer  in  order  to  remove  all  traces  of 
hydrochloric  or  hydrobromic  acids.  The  liquid  in  the  (|  tubes 
was  then  transferred,  with  thorough  rinsing,  into  a  beaker  and 
dilute  nitric  acid  added  in  excess.  The  boat  containg  the  metal- 
lic platinum  and  the  potassium  salts  was  removed  from  the  tube 
and  the  mass  thoroughly  extracted  with  water  by  standing 
twenty-four  hours.  The  platinum  was  then  filtered  in  a  por- 
celain Gooch  crucible  and  thoroughly  washed  with  water. 

The  crucible  was  then  dried  for  one  hour  in  an  air-bath  at  1 10**, 
heated  to  redness  in  a  platinum  crucible,  allowed  to  cool,  and 
weighed,  the  platinum  being  in  the  form  of  gray  metal.  In  the 
filtrate  from  the  platinum  and  in  the  neutralized  liquid  from  the 
II  tubes  bromine  and  chlorine  were  determined  by  addition  of  an 
excess  of  standard  solution  of  silver  nitrate,  filtering  the  precipi- 
tated silver  halides  in  porcelain  Gooch  crucibles,  and  titrating 
the  excess  of  silver  in  the  filtrates  with  a  standard  solution  of 
ammonium  thiocyanate.  The  crucibles  containing  the  silver 
salts  were  dried  for  three  hours  at  iso*".  From  the  weight  of 
silver  used  and  the  weight  of  silver  halides  in  the  Gooch  cruci- 
bles the  weights  of  bromine  and  chlorine  were  calculated.  In 
several  cases  the  neutralized  liquid  from  the  U  tubes  was  added 
to  the  filtrate  from  the  platinum,  the  total  bromine  and  chlorine 
being  determined  at  one  time. 

In  one  salt  potassium  was  determined  as  potassium  sulphate  by 
first  removing  the  platinum  by  electrolysis,  then  evaporating  with 
sulphuric  acid  in  a  weighed  platinum  dish. 

In  all  of  the  analytical  work  vessels  were  allowed  to  stay  on 
the  balances  ten  minutes  before  being  weighed.  The  atomic 
weights  used  were:  platinum  194.34,  potassium  39.03,  chlorine 
35-37,  and  bromine  79.76. 

The  above  method  of  analysis  is  open  to  several  criticisms. 
(3) 
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In  the  first  place  the  sodium  nitrate  in  the  neutralized  liquid 
from  the  (J  tubes  dissolves  a  small  portion  of  the  precipitated  sil- 
ver salts.  In  the  second  place,  it  is  very  difficult  to  remove  all 
of  the  hydrochloric  or  hydrobromic  acids  from  the  finely  divided 
platinum  either  by  heating  or  by  extraction  with  water. 

In  spite  of  these  errors  this  method  would  seem  to  yield  much 
more  reliable  results  than  the  method  of  heating  with  oxalic 
acid,  applicable  for  determinations  of  platinum  alone. 
FREPA.RATION  OF  MATERIALS. 

The  potassium  bromide  used  in  this  investigation  was  heated 
sufficiently  high  to  decompose  any  potassium  bromate  present  and 
to  drive  off  any  ammonium  chloride,  repeatedly  recry stall ized 
from  water,  dried,  finely  powdered,  and  again  thoroughly  dried. 
Potassium  chloride  was  prepared  in  the  same  manner. 

Great  difficulty  was  experienced  in  the  preparation  of  pure 
chloroplatinic  acid.  This  was  unexpected,  as  previous  investiga- 
tors make  no  mention  of  any  great  difficulty.  The  purest  speci- 
mens sent  out  by  the  manufacturers  showed,  on  reduction  in 
hydrogen,  a  coating  of  ammonium  chloride  on  the  combustion 
tube  after  raising  the  heat  considerably.  The  substance  was 
then  prepared  by  dissolving  platinum  in  aqua  regis  and  evapora- 
ting repeatedly  with  hydrochloric  acid.  Still  ammonium  chlo- 
ride was  found  after  reduction  with  bydn^en.  The  constant 
appearance  of  ammonium  chloride  led  to  the  hypothesis  that 
some  nitrogen  compound  might  be  present  in  the  hydrogen  used, 
and  on  coming  into  contact  with  the  platinum  black,  in  the 
presence  of  hydrogen  and  hydrochloric  acid,  might  be  converted 
into  ammonium  chloride.  To  test  this  point  hydrogen  was  pre- 
pared from  strictly  piire  zinc  and  the  purest  sulphuric  acid  which 
could  be  obtained.  This  hydrogen  was  then  pnrified  by  Phillips' 
method.'  Stilt  ammonium  chloride  appeared  after  reduction  of 
the  platinum  compounds. 

The  next  explanation  which  suggested  itself  was  the  presence 

of  some  trace  of  the  compound  iXOCl.PtCI,.  formed  during  the 

{ua  regia.     To  eliminate  this  possible  source  of 

lie  acid  was  prepared  by  the  ntetbod  recom- 

on.*  in  which  no  nitric  acid   is   used.     This 
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method  consists  in  precipitating  the  platinum  as  ammonium 
platinichloride,  reducing  this  at  a  low  temperature  in  hydro- 
^:en,  and  treating  the  finely  divided  platinum  with  hydrochloric 
add  and  chlorine  in  a  large  flask,  the  chlorine  being  replenished 
as  rapidly  as  it  is  taken  up  by  the  platinum. 

A  specimen  prepared  in  this  way  also  yielded  ammonium 
chloride.  While  repeating  this  method  of  preparation  an  acci- 
dent showed  its  unfitness  for  the  purpose.  According  to  direc- 
tions a  portion  of  the  ammonium  platinichloride  had  been 
reduced  in  hydrogen  at  a  temperature  just  sufficient  for  the 
reduction,  and  the  ammonium  chloride  evolved  driven  from  the 
tube.  Accidentally  the  temperature  was  considerably  raised. 
Immediately  quite  a  large  deposit  of  ammonium  chloride  was 
formed  on  the  combustion  tube,  showing  that  platinum  black 
occludes  ammonium  chloride  in  quite  large  quantity.  Efforts 
were  made  to  remove  all  of  the  occluded  ammonium  chloride  by 
prolonged  heating  in  hydrogen  but  this  proved  very  unsatisfac- 
tory. This  method  of  Pigeon's  is  therefore  unfit  for  use  and  there 
is  little  doubt  but  that  the  substances  with  which  he  conducted  his 
thermochemical  experiments  were  largely  contaminated  by 
ammonium  platinichloride.  A  second  method  of  Pigeon's  was 
then  tried.  This  consists  in  passing  a  current  of  chlorine  gas 
through.an  emulsion  of  ammonium  platinichloride  and  hot  water. 
Nitrogen  is  given  off  and  chloroplatinic  acid  formed,  but  on 
reduction  in  hydrogen  ammonium  chloride  was  again  deposited. 
Finally,  at  the  suggeston  of  Dr.  H.  N.  Morse,  of  Johns  Hopkins 
University,  ammonium  platinichloride  was  intimately  mixed 
with  pure  oxalic  acid  and  the  mass  heated  to  redness.  A  resi- 
due of  spongy  platinum  was  obtained  which  gave  only  a  slight 
deposit  of  ammonium  chloride  on  being  heated  in  hydrogen. 
The  platinum  thus  prepared  was  -converted  into  chloroplatinic 
acid  by  treatment  with  chlorine  and  hydrochloric  acid.  The 
hydrochloric  acid  was  prepared  by  heating  concentrated  chem- 
ically pure  hydrochloric  acid  and  passing  the  liberated  gas  into 
freshly  distilled  water.  The  chloroplatinic  acid  thus  prepared 
still  yielded  a  slight  deposit  of  ammonium  chloride. 

Further  attempts  were  made  to  purify  this  by  cooling  the  solu- 
tion, in  the  hope  that  the  ammonium  platinichloride  would  sepa- 
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rate  from  the  solution,  but  this  failed.  Finally  a  current  of 
chloriae  gas  was  passed  through  a  portion  of  this  chloroplatinic 
acid  solution  for  some  time.  The  product  still  yielded  a  slight 
quantity  of  ammonium  chloride  on  reduction  in  hydrogen. 
However,  it  was  considered  sufficiently  pure  for  the  purposes  of 
the  investigation  and  accordingly  was  used.  All  of  the  above 
processes  were  carried  out  in  a  room  as  free  from  ammonium 
chloride  as  was  practicable. 

The  amount  of  platinum  in  the  water  solution  of  the  chloro- 
platinic  acid  was  determined  by  electrolysis. 

One  cc,  solution  =  0,08956  gram  of  platinum. 

The  use  of  chloroplatinic  acid  for  determining  potassium  sug- 
gests that  in  addition  to  the  precautions,  already  talcen  by  the 
Association  of  Official  Agricultural  Chemists,  of  working  in  a 
room  other  than  the  general  laboratory,  more  care  should  be 
taken  in  regard  to  the  absence  of  ammonium  platim chloride  from 
the  chloroplatinic  acid  as  first  sent  out  hy  the  manufacturers. 

METHOD   OF   WORK. 

If  the  snbstanc«s  obtained  by  Pitkin  are  true  chemical  com- 
pounds it  seems   only  natural  to  suppose  that  they  could  be 
reproduced  under  at  least  some  slight  variation  in  the  original 
proportions  of  the  substances   used   in  their  preparation.    To 
detemiine  this  point  four  solutions  were  prepared,  using  the 
same  amount  of  platinum  solution  in  each.     In  one  a  definite 
tiu.intity  of  potassium  bromide  was  used.     In  the  other  three 
arbitrarily    taken    portions    of    the    potassium    bromide    were 
rpn;;».>is1  hv  *Hi!iiv.>?^!ii  quantities  of  potassium  chloride.    To 
^ilkin  used   two  grams  platinum  chloride 
>i    poussium    bromide.      These     are  the 
■y    os:;!g   the    atomic    weights :    platinaoi 
4:>,   brvT.:::5e   7J.95,    and   potassium  39.13- 
:.»:;iT.s  01  the  atomic  weight  oi  platiotUD 
;4-     The    aS^\-e  quantities  therefore  evi- 
:he  p:\^pon:oa   PtC:. ;  jKBr.      However  I 
r.-.eei  :h:s  jv:r.:  by  using  1.404  grams  of 
\;  : ;  o.;  cc  o:  the  pUtinum  soJu  1100=1.163 
■.:.MT.-.-.r-!:  :h:isr.^  :he  pii>pc«rtion  PtCJ.rjKflr 
;vv»f:j:h:s=s^by   ri:k:a. 
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In  the  replacement  of  potassium  bromide  by  potassium  chlo- 
ride the  more  recent  atomic  weights  were  used.  Potassium 
39.05,  chlorine  35.37,  and  bromine  79.76. 

The  quantities  of  the  various  substances  actually  used  in  the 
four  experiments  were : 

Table  I» 

H,PtCl«Sol.  H,0.  KBr.  KC'l. 

cc.  cc.  Grams.  Gram. 

A 12.99  57-00  1*404  

B 12.99  57-00  1.200  0.1278 

C 12.99  57'00  i.ooo  9*253i 

D 12.99  57.00  0.800  0.3784 

When  the  two  solutions  in  each  case  were  first  mixed  a  small 
quantity  of  a  light  yellow  precipitate  was  thrown  down.  On 
boiling  with  an  inverted  condenser  all  dissolved,  the  solutions 
becoming  dark  red.  After  cooling  bright  red  octahedral  crys- 
tals separated  in  each  case,  growing  slightly  lighter  in  color 
from  A  to  D.  The  crystals  were  prepared  for  analysis  as 
described  above.  On  analysis  the  following  results  were 
obtained : 

Tabi«e  II. 

Cl  in  dis-  Br  in  dia-  CI  in  resi-  Br  in  resi-    Total  Total 

PL         tiUate.        tillate.        due.  due.  Cl.  Br. 

Percent.   Percent.  Percent.  Percent  Percent   Percent  Percent. 

A  ••34.93  23.19  4.47  4-74.  18.12  27.93  22.59 

B..  35.90  24.91  2.03  6.19  15.47  31.10  17.50 

C  36.46  26.02  1.04  7.58  12.93  33.60  13.97 

D..  37.07  26.73  0.31  8.41  11.44  35.14  "75 

Table  III. 

Calculated  for  Calculated  for 

K,PtCl4Br,.      A.  B.  C.  D.        K,PtCUBr. 

Piper  cent 33.89  34.93  35.90  36.46  37.07  36.74 

Cl    "    "     24.67  27.93  31.10  33.60  35.14  33.43 

Br    "    '*     27.82  22.59^  17.50  13.97  11.75  15.08 

Atomic  ratio 

Pt:(Cl+Br)    1 .5-97  1:5.95  1:6.00  1:5.98       

From  these  results  it  is  evident  that  four  substances  have  been 
prepared,  each  differing  in  comp6sition  from  the  two  nearest 
members  of  the  series  described  by  Pitkin,  K.PtCl^Br^  and 
K,PtCl,Br. 

Furthermore  the  crystals  show  a  variation  in  composition  in 
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accord  with  the  variation  in  composition  of  the  solutions  from 
which  they  formed.  (See  Table  I) .  Yet  in  all  four  substances 
the  atomic  ratio  of  platinum  to  chlorine  and  bromine  combined 
is  practically  1:6.  Again,  if  we  assume  C  to  be  an  isomorphous 
mixture  of  K.PtCl,  and  K,PtBr„  then  33.60  per  cent,  of  chlorine 
requires  30.77  per  cent,  of  platinum,  while  13.97  percent,  of  bro- 
mine requires  5.68  per  cent,  of  platinum,  giving  the  total  per 
cent,  of  platinum  required  by  this  assumption  36.45.  There  was 
actually  found  36.46  per  cent. 

In  the  hope  of  gaining  some  light  upon  the  nature  of  these 
substances,  separate  determinations  of  chlorine  and  bromine 
were  made  in  the  portion  which  passed  oflf  in  the  current  of 
hydrogen  and  in  the  portion  combined  with  potassium  in  the  resi- 
due. No  definite  conclusion  on  this  point  can  be  drawn  from  the 
results,  except  that  a  portion  of  the  hydrobromic  acid  liberated 
decomposed  a  portion  of  the  potassium  chloride,  setting  free 
hydrochloric  acid.  Thermochemical  considerations  lead  us  to 
expect  this  as  has  been  pointed  out  already  by  Pigeon.  The 
results  in  Table  III  seem  to  show  that  the  substances  are  iso- 
morphous mixtures. 

Pitkin's  principal  argument  in  support  of  the  idea  that  the 
substances  obtained  by  him  were  true  chemical  compounds  is 
that  the  successive  crops  of  crystals  obtained  from  a  solution  of 
platinum  chloride  and  potassium  bromide  are  identical.  Three 
successive  crops  were  analyzed  by  him  and  gave  the  per  cents. 
of  platinum  respectively,  34.22,  34.70,  and  34.39.  No  determi- 
nation of  bromine  or  chlorine  was  made.  To  test  this  point 
more  thoroughly  the  mother  liquors  from  A,  B,  C,  and  D  above 
were  evaporated  to  about  one-half  of  the  previous  volume  and 
allowed  to  cr>'stallize.  Crystals  were  obtained  in  each  case 
closely  resembling  the  first  crop^  obtained  from  the  respective 
solutions.     These  crystals,  designated  A',  B',  C,  and  D',  gave 

on  analysis : 

Table  IV. 

Atomic  ratia 
PL  per  cent      Cl.  per  cent.      Br.  per  cent.  Pt ;  (Cl+Br). 

.    A' 33.48  35.37  26.26  1:6.08 

B' 34.10  26.14  25.58  1:6.04 

C 35.27  28.30  22.25  1.5-95 

D' 36.10  31.63  17.09  1:5.97 
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Potassium  was  determined  in  A'.  There  was  found  13.59  P^^ 
cent. 

Finally  the  mother  liquors  from  A^  B\  C  and  D'  were  allowed 
to  evaporate  spontaneously  until  all  water  had  passed  off.  A 
third  crop  of  crystals  was  thus  obtained  in  each  case.  These 
crystals  closely  resembled  the  former  crops  in  regard  to  crystal 
form,  but  were  much  darker  in  color.  They  were  designated 
A",  B",  C"  and  D". 

A  slight  odor  of  hydrochloric  or  hydrobromic  acid  was  noticed 
in  each  vessel  when  the  evaporation  was  complete.  On  analysis 
the  substances  gave  the  following  : 

Table  V. 

Atomic  ratio. 
Pt.  per  cent.       Cl.  per  cent.      Br.  per  cent.        Pt :  (Cl  +  Br). 

A" 32.76  20.53  33-14  1:5-91 

B" 32.88  22.30  31-36  1:6.05 

c" 34.35  26.44  24.21  1:5-95 

D" 35-09  28.01  22.20  .  I  :  5.93 

By  combining  Tables  II,  IV  and  V  it  will  readily  be  seen  that 
the  successive  crops  of  crystals  obtained  from  a  solution  are  by 
no  means  identical,  thuS  : 

TABI.B  VI. 

Pt.  per  cent.  •  Cl.  per  cent.  Br.  per  cent. 

A 34.93  27.93  22.59 

A' 33.48  25.37  26.26 

A" 32.76  20.53  33.14 

B 35.90  3110  17.50 

B' 34.10  26.14  25.58 

B"   32.88  22.30  3X.36 

C 36.46  33.60  13.97 

C 35.27  28.30  22.25 

C" 34.3s  26.44  24.21 

1>   37.07  35-14  11.75 

D' 36.10  31.63  17.09 

D" 35.09  28.01  22.20 

If  these  results  be  arranged  according  to  the  per  cent,  of 
platinum,  it  will  be  seen  that  twelve  substances  have  been  pre- 
pared, each  varying  from  the  calculated  per  cents,  for  K,PtCl^Br, 
or  KfPtCl^Br,  yet  approaching  these  more  nearly  than  any  of  the 
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Other  members  of  the  series  prepared  by  Pitkin.  In  all  of  the 
twelve  the  atomic  ratio  of  platinum  to  chlorine  and  bromine  com- 
bined, allowing  for  error  in  the  analytical  work,  is  practically 
1:6,  which  is  required  if  the  substances  are  isomorphous  mix- 

tures : 

Table  VII. 


A" 
B" 
A'. 
B'. 
C" 
A. 


Pt.  per  cent. 

•   32.76 
...   32.88 

...   33.48 

..   34.10 

••   34.35 

34.93 


I>" 35.09 

35.27 

35.90 

36.10 

3M6 

37.07 


c 

B  . 
D' 
C  . 


Cl.  per  cent. 

20.53 
22.30 

25.37 
26.14 

26.44 

27.93 
28.01 

28.  JO 

31.10 

3163 

33.60 

35.14 


Br.  per  cenL 
33.14 
31.36 
26.26 

25.58 
24.21 

22.59 
22.20 

22.25 

17.50 

17.09 

13.97 
"75 


Atomic  ratio 
Pt:(Ci-»-Br). 

5.91 
6.05 

6.08 

6.04 

5-95 

5.97 

5.93 

5.95 

5-95 

5.97 
6.00 

5.98 


In  addition  to  these,  five  other  compounds  were  prepared.  In 
these  platinum  was  determined  by  electrolysis. 

The  per  cents,  of  platinum  found  in  these  were  35.05,  34.94, 

34.43*  34.<».  and  2^^,26. 

Pitkin  relied  upon  anal^-tical  data  in  which  no  attention  was 
paid  to  a  variation  of  one-half  per  cent,  and  in  one  case  one  per 
cent,  in  the  amounts  of  platinum  present  in  different  substances. 
Such  were  considered  identical.  By  an  inspection  of  Table  VII 
it  will  be  seen  that  such  a  variation  in  the  platinum  means  so 
great  a  variation  in  the  chlorine  and  bromine  that  it  is  impossi- 
ble to  consider  such  substances  identical. 

From  the  abo\~e  evidence  there  seems  little  doubt  but  that  the 
substances  are  isomorphous  mixtures.  To  test  the  point  still 
further  a  lar^  portion  of  A  was  dissolved  in  hot  waten  on  cool- 
:ng.  cr>*sia!s  quite  similar  to  A  separated.  These  were  dried  and 
desigiiated  X,  The  ar-a!>-tical  results  are  placed  side  by  side 
with  thv^se  o:  A  for  convenience  in  comparing  the  two. 

Tv5:.s  v:i: 


ce-sc 


A 
X 


%  «  «  « 


5^>  *S 


*r   ycr  or«. 

PI    ,Cl-»r; 

r2-«> 

>:5-97 

:S.Sc 

I    5-93 
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By  recrystallization  the  first  crop  obtained  was  thus  evidently 
richer  in  the  more  insoluble  compound,  K^PtCl..  This  would 
be  expected  in  the  case  of  an  isomorphous  mixture  of  two  sub- 
stances differing  in  their  degree  of  solubility. 

Further  evidence  of  the  mixed  nature  of  the  substances  was 
obtained  by  placing  a  considerable  quantity  of  the  substance  X 
in  a  well  fitting  glass  stoppered  bottle,  pouring  upon  the  finel}* 
powdered  substance  a  quantity  of  water  quite  insufficient  for 
complete  solution  in  the  cold,  placing  the  stopper  in  the  bottle 
and  shaking  thoroughly  several  days.  After  being  shaken  for  a 
short  time  and  the  undissolved  portion  allowed  to  settle,  it  was 
found  that  instead  of  the  homogeneous  powder,  originally  pres- 
ent in  the  bottle,  two  distinct  layers  were  now  present,  one  a 
dark  red,  the  other  a  light  yellow.  Evidently  the  water  had  dis- 
solved the  more  soluble  red  bromide  to  a  larger  extent  than  the 
less  soluble  yellow  chloride.  After  four  days  the  liquid  was  fil- 
tered from  the  undissolved  residue.  This  residue  was  thor- 
oughly dried,  powdered,  and  intimately  mixed  and  labelled  Y. 
Its  analysis,  compared  with  the  original  substance  X  showed 


TABI.E  IX. 

Atomic  ratio. 

Cl  per  cent. 

Br  per  cent. 

Pt :  (Cl  -h  Br) 

29.96 

18.S0 

I  ••  5.93 

30.98 

17.80 

1:5.96 

Pt  per  cent. 

X 35.48 

Y 35.87 

confirming  thus  the  idea  that  the  more  soluble  bromide  had  dis- 
solved to  a  larger  extent  than  the  less  soluble  chloride. 

SUMMARY. 

Four  lines  of  evidence  have  thus  been  adduced,  all  pointing 
to  the  conclusion  that  the  double  halides  of  platinum  and  potas- 
sium containing  more  than  one  halogen  are  isomorphous  mix- 
tures of  different  double  halides  containing  onlj^  one  halogen  : 

I.  The  formation  of  a  series  of  substances  varying  in  composi- 
tion approximately  as  the  variation  in  the  composition  of  the 
solutions  from  which  they  crystallized .  None  of  these  substances 
correspond  to  the  formulas  proposed  by  Pitkin,  but  all  show  an 
approximate  atomic  ratio,  platinum  to  chlorine  and  bromine,  of 
1:6.  Fifteen  other  substances,  all  varying  in  composition, 
have  been  prepared  ;  in  ten  of  these  the  atomic  ratio  of  platinum 
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to  chlorine  and  bromine  was  found  to  be' practically  i :  6,  in  the 
other  five  platinum  alone  was  determined. 

2.  The  successive  crops  of  crystals  obtained  from  a  water 
solution  of  chloroplatinic  acid  and  potassium  bromide  are  not 
identical,  but  show  gradually  increasing  proportions  of  the 
more  soluble  potassium  platinibromide  and  correspondingly 
decreasing  proportions  of  the  less  soluble  potassium  platini- 
chloride. 

3.  On  recrystallizing  from  water  one  of  the  substances  under 
examination,  the  first  crop  of  crystals  is  not  identical  with  the 
original  substance  but  is  a  product  richer  in  chlorine  and  corres- 
pondingly poorer  in  bromine.-  This  is  to  be  expected  on  recrys- 
tallizing an  isomorphous  mixture  of  two  substances  differing  in 
degree  of  solubility. 

4.  On  treating  one  of  the 'substances  obtained  with  a  quantity 
of  water  insufficient  for  complete  solution,  the  more  soluble  bro- 
mide was  dissolved  from  the  mass  to  a  greater  extent  than  the 
less  soluble  chloride.  This  was  confirmed  both  by  the  appear- 
anch  of  the  insoluble  residue  and  its  analysis. 

At  the  beginning  of  this  investigation  Mr.  Henry  Hillyer,  Jr., 
a  student  in  this  laboratory,  was  associated  with  me  in  the  work. 
His  sad  death  at  his  home  in  Augusta,  Ga.,  on  April  4,  1895, 
terminated  this  association.  I  desire  to  here  pajr  tribute  to  his 
rare  qualifications  as  an  investigator  and  to  the  manliness  which 
characterized  his  every  act. 

Univeksitt  of  Georgia, 
November  9th,  1895. 


THE  QUALITATIVE  EXAMINATION  OF  ACETANILID. 

By  Charles  Platt. 

Received  November  as.  1895. 

IN  view  of  the  deficiency  in  the  analytical  literature  of 
the  acid  anilids  the  following  tests  may  prove  of  interest. 
The  formation  of  acetanilid,  or  phenylacetamid,  C.H^NHC.H.O, 
from  aniliu  and  glacial  acetic  acid 

C,H,NH,  +  C.H,O.OH  =  C.H.NHC.H^O  +  H.O, 

and  the  corresponding  formation  from  anilin  and  acetyl  chlo- 
ride 

C,H,NH.  +  C,H.OCl  =  C.H.NHC.H,0  +  HCl, 
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suggest  the  adaptability  of  various  color  reactions  with  the  acids 
and  alkalies.  The  physical  constants  have  been  determined  and 
the  decomposition  of  the  anilid  made  to  serve  for  its  identifica- 
tion. 

Acetanilid  is  a  white  crystalline  powder  neutral  in  reaction 
and  tasteless  but  producing  a  slight  burning  sens'ation  when 
placed  upon  the  tongue.  Examined  under  the  microscope  it  is 
found  to  be  made  up  of  broken  crystalline  plates.  The  melting 
pomt,  commonly  given  as  ii3*'-ii4**,  is  determined  by  the  writer 
as  fairly  constant  at  112''.  Heated  on  platinum,  acetanilid 
volatilizes  without  leaving  a  residue,  and,  when  ignited,  it 
bnms  completely  with  a  yellow  flame.  At  15**  it  is  soluble  in 
about  190  parts  of  water  and  in  five  parts  of  alcohol.  It  is  solu- 
ble in  eighteen  parts  of  boiling  water  and  in  about  five-tenths 
part  of  boiling  alcohol.  It  is  soluble  in  the  cold  in  ether,  chloro- 
form, acetic  acid,  nitric  and  sulphuric  acids,  and,  when  warmed, 
in  hydrochloric  acid.  On  boiling  with  water,  oil-like  globules 
separate  out  and  the  solution  on  cooling  recrystallizes  in  large 
but  delicate  six-sided  plates. 

Reaction  with  Concentrated  Nitric  Acid. — Acetanilid  is  easily 
soluble  in  strong  nitric  acid,  the  solution  being  colorless  in  the 
cold  but  turning  to  a  yellow,  then  brownish  red,  on  gentle 
warming,  nitrogen  oxides  being  at  the  same  time  evolved. 
The  colorless  solution  on  standing  in  the  cold  gradually  acquires 
a  light  green  tint  but  finally  changes,  through  yellow,  to  red, 
with  formation  of  red  acicular  crystals.  This  red  solution  gives 
oS  the  odor  of  nitrobenzene.  A  similar  appearance  and  odor 
are  produced  by  evaporating  nitric  acid  solutions ;  an  oily  resi- 
due of  decided  odor  being  produced  by  rapid  evaporation,  a 
crystalline  residue  of  slight  odor  by  slow  evaporation.  The  nitric 
acid  solution  has  been  described  by  one  writer  as  colorless  ;  by 
another  as  brown,  then  blue,  then  colorless. 

Reaction  toith  Dilute  Nitric  Acid. — The  acetanilid  is  slowly  sol- 
uble in  the  cold,  and  without  change  in  color  but  with  separation 
of  oil-like  globules.  This  solution  on  slow  evaporation  gives  a 
brown  residue  with  slight  purplish  tint.  By  boiling  with  dilute 
nitric  acid  a  colorless  solution  is  obtained,  with  evolution  of 
pungent  fumes. 
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Reaction  ii-ith  Concentrated  StUphuru  Acid. — A  colorless  sola- 
tioii  is  formed,  utiafiected  by  heating  to  boiling.  The  solution 
in  cold  concentrated  acid,  on  long  standing,  acquires  a  pink  to 
brown  color.  With  an  excess  of  the  acetanilid  the  pink  colora- 
tion develops  quickly,  is  well  marked,  and  changes  graduaUy  to 
an  orange  by  reflected  light.  As  a  final  change  tufts  of  delicate 
Bcicular  crystals  appear  and  the  solution  gradually  becomes 
colorless. 

Reaction  u-ith  Sulphuric  Acid  and  Potassium  Chromate. — A 
solution  in  concentrated  sulphuric  acid  is  turned  to  a  dark  green 
on  addition  of  a  few  drops  of  potassium  chromate.  A  soludon 
in  concentrated  sulphuric  acid,  subs^uently  diluted,  gives  no 
reaction  at  first  with  the  potassium  chromate  but  on  standing  is 
gradually  turned  to  a  reddish -brown,  and  finally  to  a  dark 
olive-green.  A  similar  reaction  to  the  last  is  produced  by  addi- 
tion of  th«.  chromate  to  a  solution  in  cold  dilute  acid. 

Reaction  uitk  Hydrochloric  Acid. — The  acetanilid  ea.sily  dis- 
solves in  hydrochloric  acid  when  warmed  and  no  precipitate  is 
produced  by  subsequent  dilution  with  water. 

With  hydrochloric  acid  and  potassium  dichromate  there  is  no 
well  marked  reaction. 

Reaction  u-ilh  Hydrochloric  Acid  and  PotassiumPermanganale. — 
An  olix-e-green  coloration  is  obtained  by  adding  a  small  crystal 
of  the  potassium  permanganate  to  the  solution  in  hydrochloric 
acid.     On  standing  the  color  is  changed  to  a  mahogony-brown. 

Reaction  with  Hydrochloric  Acid  and  Chromic  Acid. — A  solution 

of  niH'tn  111  till  in  bvdmrhloric  acid,  diluted,  and  treated  with  a 

:id  gives  a  yellowish-green  coloration, 

dark  green.     Potassium  hydroxide 

in  this  solution. 

-  Acid  and  Bromine. — Bromine  water 
on  in  hydrochloric  acid  produces  a 
■>\\a\K  oi  the  moiAbiom  derivative  of 
Kamined  microscopically  is  found  to 
:ing  net-work  of  needles  or  fiber-like 
Ldte  is  obtained  by  means  of  bromine 
the  acetanilid. 

-  A.-id  jtj  Chlorine. — Chlorine  water 
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added  to  a  solution  in  hydrochloric  acid  gives  a  dark  blue  colora- 
tion which  afterwards  fades.  A  similar  reaction  is  obtained  by 
substituting  for  the  chlorine  water  a  filtered  solution  of  bleach- 
ing powder. 

Mercuric  chloride  added  to  the  hydrochloric  acid  solution 
gives  no  precipitate. 

Dissolve  some  of  the  powder  in  a  little  hydrochloric  acid  and 
add,  first,  a  few  cc.  of  five  per  cent,  phenol,  then  a  little  clear 
saturated  solution  of  chlorinated  soda  or  lime.  The  solution 
acquires  a  brownish-red  color  turning  to  a  blue  on  addition  of 
ammonium  hydroxide  in  excess. 

Reaction  with  Potassium  Hydroxide, — By  heating  some  of  the 
powder  with  potassium  or  sodium  hydroxide  the  characteristic 
odor  of  anilin  is  developed. 

Reaction  rvith  Potassium  Hydroxide  and  Chloroform, — By  heat- 
ing with  potassium  or  sodium  hydroxide  and  a  few  drops  of 
chloroform  the  characteristic  odor  of  an  isonitrile  is  developed, 
pbenylisocyanide  being  formed. 

Reaction  with  Sodium  Nitrite  and  Sulphuric  Acid,  —  The 
powder  mixed  with  sodium  nitrate  and  sprinkled  upon  concen- 
trated sulphuric  acid  produces  a  fine  red  coloration. 

Reactuni  with  Ferric  Chloride, — A  cold  saturated  water  solution 
added  to  neutral  ferric  chloride  produces  no  change  in  color. 

Reaction  with  Zinc  Chloride, — Acetanilid  heated  to  270°  with 
an  equal  weight  of  zinc  chloride  produces,  first,  orthoamidoace- 
tophenone, in  small  amount,  and  then  flavanilin  C.H,,N„  a  yel- 
low substance  with  a  green  fluorescence,  a  derivative  of  quino- 
lin.  It  is  stated  in  a  nuinber  of  text-books  that  acetanilid 
boiled  with  zinc  chloride,  anilin,  and  acetic  acid  will  produce 
amidoacetophenone,  C,H^NH,CjH,0,  but  this  test  is  untrust- 
worthy inasmuch  as  the  reagents  used  will  produce  this  sub- 
stance in  absence  of  acetanilid.  The  paramidoacetophenone 
produced  is  crystalline  in  nature,  while  the  ortho  derivative 
formed  in  the  previous  test  by  heating  zinc  chloride  and  acetani- 
lid is  a  yellow  oil  of  high  boiling  point  and  with  a  characteris- 
tic sweetish  odor. 

Reaction  with  Plugge's  Reagent, — Boil  the  acetanilid  with 
water,  cool  and  filter  off  if  necessary,  then  boil  again  with  potas- 
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sium  nitrite  and  dilute  nitric  acid.  Mix  with  Plugge's  reagent, 
a  solution  of  mercorous  nitrate  with  a  little  nitrons  acid,  and 
again  heat  to  boiling.     A  deep  red  color  is  developed. 

Antipyrin  and  phenacettn,  two  other  popular  antipyretics 
much  used  in  medicine,  may  be  readily  distinguished  from  acet- 
anilid  by  the  foregoing  tests.  Antipyrin,  for  instance,  with 
ferric  chloride  gives  a  deep-red  coloration  and  is  precipitated 
from  its  solutions  by  mercuric  chloride.  It  has  approximately 
the  same  melting  point  as  acetanilid,  but,  unlike  the  latter,  is 
decomposed  by  further  heating.  The  characteristic  reactions  for 
phenacetin  have  been  given  by  the  writer  in  a  former  article.' 

Comparative  tests  have  been  made  upon  various  samples  of 
acetanilid  of  domestic  and  foreign  manufacture.  The  products 
of  reputable  houses  seem  to  be  practically  identical  with  the  ex- 
ception of  difference  in  perfection  of  crystallization  and  a  cor- 
responding difference  in  appearance. 

Chbhical  Labokatokt.  habhbmahn 

MbDICAL  COLLTOE,  PHI  L«DBI.rB  I A . 


HEAT5  OF  SOUrnON  OP  50I1E  CARBON  COilPOUNDS. 

■i  C.  L.  Spbtebs. 

THE  following  paper  contains  a  few  data  about  the  beats  of 
solution  of  some  solid  carbon  compounds  in  water,  methyl 
alcohol,  ethyl  alcohol,  propyl  alcohol,  chloroform,  and  toluene. 
The  simple  method  given  by  Nemst*  was  used. 
The  calorimeter  was  made  of  thin  glass.     The  rim  was  ground 
to  take  the  cover  which  fitted  fairly  well  against  the  inside 
ground  rim  of  the  beaker,  not  air  tight  bat  tight  enough  to  pre- 
vent appreciable  evaporation  of  the  more  volatile  solvents  dar- 
ing the  experiment-      The  cover  had  three  holes  with  short 
tubulures.     The  center  tubulure  carried  a  test  tube  firmly  fast- 
ened with  a  cork,  the  second  tubulure  as  close  to  the  center  one 
ied  the  thermometer,  while  the  third  one,  some- 
im  the   center,  let  the  handle  of  the  platinum 
igh  ;    see  figure.      The  calorimeter  held  com- 
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fortably  375  cc.,  none  of  the  liquid  spatter- 
ing against  the  cover  while  stirring.  In 
calculating  the  water  value  of  the  calori- 
meter, the  cover,  being  some  distance  from 
the  surface  of  the  solution,,  was  not  consid- 
ered ;  as  the  calorimeter  without  the  cover 
weighed  64.70  grams,, its  value  was  64.70 
Xo.  195  =:  12.63  grams.  Later  on  this  cal- 
orimeter was  broken  and  replaced  by  an- 
other whose  value  was  69.44X0. 195=  13.54 
grams  water.  The  first  calorimeter  with 
cover  weighed  87.60  grams,  the  second 
one,  94.90  grams. 

The  bottom  of  the  test  tube  which  held 
the  substance  to  be  dissolved  was  about 
two  inches  below  the  surface  of  the  solvent. 
A  glass  tube  closed  at  both  ends  and 
blown  out  a  little  at  one  end,  projected 
above  the  protecting  vessels  of  the  calori- 
meter and  ran  down  to  the  bottom  of  the 
test  tube.  A  sharp  tap  on  the  top  shattered  the  bottom  of  the 
test  tube  and  the  solvent  entering  quickly  dissolved  the  solid 
when  the  latter  was  rubbed  off  the  sides  of  the  test  tube  by  the 
swelled  tube.  This  was  quite  necessary,  for  the  finely  powdered 
solids  made  a  pasty  mass  with  the  solvent  and  stuck  tenaciously 
to  the  test  tube. 

The  test  tubes  were  so  near  the  same  size  and  dipped  so  equally 
into  the  solvent  that  the  water  value  of  this  part  could  be  con- 
sidered constant.  In  a  few  exceptional  cases  the  test  tubes  were 
of  a  different  size.     The  same  plunger  was  used  throughout. 

The  platinum  stirrer  was  made  of  ordinary  laboratory  foil 
stiffened  with  wire.  It  was  disk-shaped  and  about  nine  cm.  in 
diameter.  From  the  circumference  inward,  about  one  cm., 
and  then  parallel  with  the  circumference  about  two  cm.,  cuts 
were  made.  The  pieces  thus  partly  cut  loose  were  bent  alter- 
nately up  and  down.     A  stout  platinum  wire  was  welded  to  the 


148  C.   L.   SPBYBRS.      HEATS  OF  SOLUTION 

disk,  and  ended  in  a  cork,  to  serve  as  a  non-conducting  handle. 
A  circular  hole  in  the  center  let  the  thermometer  and  test  tube 
pass  through.  This  stirrer  has  already  been  described  in  the 
chemical  literature;'  it  was  very  effective.  Its  total  weight, 
without  cork,  was  12.036  grams,  but  asonly9.94S  grams  dipped 
into  the  liquid,  its  value  was  taiken  to  be  9.948  X  0.0324  =  0.322 
grams  of  water. 

The  thermometer  wa.s  made  by  Gotze  some  seven  years  ago. 
It  was  divided  into  hundredths  of  a  degree  and  thousandths 
could  easily  be  estimated  when  observing  through  a  telescope. 
Its  value  was  determined  by  cooling  in  ice  and  plunging  into  the 
calorimeter,  as  well  as  by  measurement  and  computation  ;  it  was 
1 .0  gram  water.     It  was  carefully  calibrated. 

The  solutions  were  so  dilute,  their  specific  heats  could  be  rea- 
sonably considered  equal  to  those  of  the  pure  solvents. 

The  calorimeter  stood  on  three  hard  wood  pins  in  a  bright  tin 
vessel,  large  enough  to  leave  an  air  space  of  an  inch  all  around. 
The  sides  and  top  of  the  tin  vessel  were  covered  with  felt.  This 
tin  vessel  in  turn  stood  on  three  pins  in  another  bright  tin  ves- 
sel, leaving  an  air  space  of  two  inches  all  around.  The  sides 
and  top  of  this  tin  vessel  were  likewise  covered  with  felt.  In 
turn,  it  stood  in  a  third  bright  tin  vessel,  leaving  an  air  spiace  of 
two  inches  all  around.  This  last  vessel  had  only  a  top  cover  of 
felt.  It  was  immersed  to  within  an  inch  of  the  top  in  water  con- 
tained in  a  large  galvanized  tank  about  seventy-five  cm.  in  diam- 
eter and  thirty  cm.  deep.  The  temperature  of  the  water  was 
kept  around  25°, 

These  arrangements  were  required  because  the  experiments 
were  carried  on  at  night  in  a  small  room  and  the  abundant 
radiation  had  to  be  checked.     They  answered  the  purpose. 

The  solvent  was  contained  in  a  calibrated  flask.  This  stood 
on  a  piece  of  felt  in  a  bright  tin.vessel.  whose  sides  and  top  were 
covered  with  ieh.  This  vessel  in  turn  stood  on  three  hard  wood 
right  tin  vessel,  which  had  only  a  top  cover  of 
IS  immersed  to  within  an  inch  of  the  top  in  the 
:  tank  just  mentioned.  The  flask  was  carefully 
iver>-.      It  had  a  long  neck  with  a  felt  wrapping 
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to  protect  against  the  heat  of  the  hand  when  pouring  out  the 
solvent. 

Some  hours  before  an  experiment  was  to  be  made  the  flask 
was  filled  and  put  in  the  proper  vessel  in  the  tank.  The  calori- 
meter, with  substance  in  the  test  tube,  and  test  tube,  thermome- 
ter, and  stirrer,  in  place,  was  also  put  in  the  proper  vessel  in  the 
tank.  When  the  time  came,  the  solvent  was  carefully  poured 
into  the  calorimeter  and  the  apparatus  put  together  again.  The 
mercury  in  the  thermometer  soon  assumed  a  slow,  regular 
motion.  Observations  were  then  made  every  minute  for  five 
minutes,  at  the  same  time  the  liquid  was  stirred  slowly  and  regu- 
larly. At  the  end  of  the  fifth  minute  a  sharp  tap  on  the  project- 
ing glass  tube  shattered  the  bottom  of  the  test  tube  and  a  few  up 
and  down  rubs  removed  the  pasty  mass  from  the  walls  of  the 
tube.  The  stirring  was  kept  up  all  the  time,  slowly  and  regu- 
larly. The  solution  was  generally  completed  within  a  minute, 
but  in  any  case,  no  more  than  five  minutes  were  required  for 
complete  solution.  The  mercury  then  resumed  the  previous 
slow  and  regular  movement.  The  beginning  of  this  regular 
movement  was  sharply  marked  and  showed  when  solution  was 
complete.  The  mercury  was  again  observed  every  minute  for 
another  five  minutes.  The  change  in  temperature  from  the  time 
of  adding  the  solid  to  the  time  of  slow  and  regular  movement 
was  considered  as  the  change  in  temperature  produced  by  dis- 
solving the  substance. 

The  corrections  were  calculated  by  Regnault' sand  Pfaundler's 
method.' 

In  the  following  tables,  these  abbreviations  are  used  : 

m  =  mass  of  substance  dissolved  in  grams. 

^t,  =  Average  change  in  temperature  for  one  minute  during 
the  first  five  minutes. 

Jt,  =  ditto  during  the  second  five  minutes. 

t=  correction. 

JT  =  corrected  change  in  temperature  produced  by  dissolv- 
ing the  substance. 

M  =  value  in  grams  of  water,  of  liquid,  calorimeter,  ther- 
mometer, test  tube,  and  plunger. 

'  See  Berthelot :  Calorimetrie  chimique,  p.  41. 
(4) 
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q  =  quantity  of  heat  in  small  calories  connected  with  the  solu- 
tion of  m  grams  of  substance. 

Q  =  quantity  of  heat  in  small  calories  connected  with  the 
solution  of  one  gram  molecule  of  substance. 

T  =  temperature  of  solvent  at  commencement  of  experiment. 

HEATS  OF  SOI^UTION  IN  WATER. 

The  water  was  carefully  distilled,  but  was  not  further  puri- 
fied. 

Urea. 

The  urea  came  from  Merck ;  it  was  recrystallized  from  alco- 
hol, powdered,  and  dried.  Melting  point  =  132.7**  cor. ;  melt- 
ing point  according  to  Beilstein=  132**. 

m.  At|.  At,.  t.  AT.  M.  q.  Q.        T. 

3.2909    -I-0.0008    — o.ooiS    — 0.004    — 0.518    389.4  — 201.7     —3690  24.5^ 
1. 1498    —0.0014    — 0.0014    — o.ooi     —0.176    389.6  —  68.57  — 3577   24.2^^ 

Average,  — 3628.5  cals. 
Thomsen  gives  3349  calories  ;  Ostwald,  quoting  Berthelotand 
Petit,  gives  36  K,  where  K  may  be  considered  as  100  calories. 

Urethane, 

The  urethane  came  from  Kahlbaum.  Melting  point  =  48.5° 
cor.  It  was  melted,  dried,  and  powdered.  Melting  point  =47.33° 
cor.     Tested  for  chlorine,  but  none  found. 

m.  At|.  At,.  t.  AT.  M.  q.  Q  T. 

4.3687     —0.0026     — 0.0048     — 0.095     —0.479    388.4     — 186.6    — 3801     22.5^ 
0.9380    — 0.0026    — 0.0020    — 0.002    —0.102     389.8    — 39.74    — 3773    23- S' 

Average,      — 3787  cals. 
Chloral  Hydrate. 

From  Kahlbaum.  Aqueous  solution  slightly  acid.  On  add- 
ing silver  nitrate  and  nitric  acid  to  an  aqueous  solution  a  slight 
precipitate  formed  after  twenty-four  hours.  Concentrated  sul- 
phuric acid  caused  the  separation  of  chloral,  without  any  colora- 
tion. Melting  point  =  49.4°  cor.  Beilstefin  quotes  melting 
point  =  57"* ;  Fehling  gives  figures  varying  from  46°  to  58°. 

m.  Ati-  At,.  t.  AT.  M.  q.  Q.         T. 

10.6187    — o.ooio    — 0.0018    —0.002     —0.175     389.8    — 68.20    — io6i    23.5" 

3.7933     —0.0024     —0.0028     —0.004     —0.047      3896      — 18.31     —   797     22' 

Average,      —  929  cals. 
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Ostwald  quoting  Berthelot  would  make  the  heat  of  solution 
8.1  K  on  810  cals.  at  22^,  the  heat  of  solution  decreasing  with 
jising  temperature.  , 

Succinimide. 

From  Kahlbaum.  Recrystallized  from  water  and  dried  at 
85**-j[0o'.  Small  quantity  of  white  fume  given  off  at  about  95**- 
Melting  point  =  124.5**  cor.     Beilstein  gives  125**-!  26**. 

AT.  M.  q.  Q.         T. 

—0.621      389.6    — 242.0    —4306    21.5° 
>.262     389.5     —102.0    —4282    23.2° 


m. 

Atj.                   At,. 

t. 

S-5^o6    ■ 

—0.0040    — aoo8o    - 

—0.024 

2.3592    - 

—0.0026    —0.0024    - 

-0.002 

Average,     — ^4294  cals. 
Acetamide, 

Prom  Kimer  and  Amend.  Distilled  in  ammonia  and  stirred 
while  cooling  to  get  small  crystals.  Seemed  to  be  slightly  moist 
though  carefully  protected  from  the  air.  Melting  point  =  73.3* 
cor.    Beilstein  gives  82**-83**.     Fehling  gives  78**. 

BL  Ati.  At,'.  t.  AT.  M.  q.  Q.  T. 

5.1249       0.0000    —0.0006    — o.ooi    —0.439    389.6    — 1 71.0   — 1969   24.0° 

a.7516     — 0.0016     —0.0022     ^0.002      — 0.241      389.7     —93.90    — 2014     23.0° 


Average,     — 1991  cals. 

Ostwald,  quoting  Berthelot  and  Andr6,  gives  19  K  or  1900 
cals. 

Mannite, 

From  Kahlbaum.  Crystalline  white.  Was  not  further  puri- 
fied.    Melting  point  =  165.5°  cor.     Beilstein  gives  i64**-i66**. 

M.  q.  Q.         T. 

389.5     —130.5     —5245     22.5^ 
389.8    —63.14    —5279     23.5° 

Average,     — 5262  cals. 

Sugar. 

« 

Prepared  from  the  purest  rock  candy  obtainable.  Only  well 
developed  crystals  were  kept.  These  were  washed  with  water, 
dried,  and  powdered.     Only  a  trace  of  glucose  could  be  found. 

m.  Ati.  At,.  t.  AT.  M.  q.  Q.         T. 


m. 

Atj. 

At,. 

t. 

AT. 

4.5287    - 

-0.0028 

— 0.0056      - 

-O.OH 

—0.335 

2.1767    - 

—0.0004 

— O.OOIO     - 

—O.OOI 

^.162 

^•3794    —0.0006    —0.0004    —O.OOI    —0.061     389.8   —23.73    —1275    23.0° 
2.6436    +0-0004    +0.0002    —0.000    — 0.027    189.4    --10.52    — 1361    22.7° 

Average,     — 13 18  cals. 
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Reurcinol. 
Prom  KaUbaum.      Crystallized.     Was  assumed  to  be  pure. 
Melting  points  110.6°  cor.      Decomposed  a  little  on  melting. 
Beilstein  gives  melting  points  110°  and  119°. 

m,  al,.  At,.  1.  AT.  U.  q.  Q.        T. 

6.0850    —0.0010    —0.0030    —0.003    —0.564    389-6    ~ai9-7    -397«   I3S° 
3.059s      4-0.0040  —0.00060    —0.001     —0.381    389.6    —109.8    —3950  JJ-S" 

Average,  — 3960  oil. 
HBATS  OP  SOLUTION  IN  UBTHYL  ALCOHOL. 
Methyl  alcohol  from  Kahlbaum.  Labeled  "  Acetonfiei." 
Dehydrated  with  large  excess  of  calcium  oxide.  After  twenty- 
four  bonis  distilled.  Portion  coming  over  at  64.3°  cor  was  used. 
Sp,  gr.  ^-  =  0.79619  ^  99.9  per  cent,  methyl  alcohol  by  Lan- 
dolt'sand  Sjomstein's  tables.  Massofalcofaol  delivered  between 
30°-J5°  =  373.9  X  0.7870=  294.3  grams,  or  in  water  terms  = 
394.3  ^  ^-fi^  ==  183.4  grams  water. 

l/retAanc. 

m,  il,.  ii,.  I.  AT.  M.  q.  Q.        T. 

1.5031    — 0.003J    —0.0068    —0.014    —0-369     «98-8     —73-36    —4346    h' 

Acetanilid. 

From  Kahlbaum.     Recr>-stallized  from  alcohol.     Air  dried. 

White.      Slight,   agreeable,  aromatic  odor.      Uelting  point  = 

113.5'cor.     Beilstein  give;  112°;  Fehling gives  from  loi'-iij'. 

".  At,.  Al,  t.  AT.  M.  q.  Q.        r 

1.1S13    — <xooaa    —0,0071     —0.018    —0.361     198.8    — 7*.38    —4477    M-f 

Acntaphtkene. 

■c I--1.11 While.     Recr\-stallized  fromalcohol.    Air 

=  93-5''«>''-     Beilstein  gives 95°  and  101"; 

t-  AT  M.  •t,  Q.         T, 

— o.m>S    — 0.J8S    198.8    — Sr.a6    — 6180   14'' 

Vl'hite.     Recr>-s£allized  front  akohol.    Air 
=  So.i'  cor.      Beilstein  gives  79.1'  and 

1  Ar         II  ,  u.       T. 

'■    -^iK&    — o.MO    :<iS3    — ^44. »•    —4133  »4^ 
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HEATS  OP  SOI,UTION  IN  ETHYI.  AI«COHOL. 

Ethyl  ftlcohol  from  Bimer  and  Amend  and  Chas.  Cooper  and 
Co.  Marked  absolute-.  Distilled,  treated  with  calcium  oxide, 
and  redistilled.  Boiling  point,  77.6^-78.7*^  cor.  Sp.  gr.  =  0.7873. 
Mass  of  alcohol  delivered  between  20**  and  25*  =  373.9  X  0.7873 
=  294.4  grams,  or  in  water  terms  =  294.4  X  0.59  =  173.7  grams 
water. 

Urethane. 

AT.  M.  q.  Q.  T. 

.976  190.3  —185.7  —4746  23.5^ 
.701    190.3  —133.4  —4710  23.8^ 


HI. 

At,. 

At,. 

t. 

3.4S26    - 

-O.OOIO     - 

-0.0084 

—0.019 

2.5207     - 

-O.OIIO     - 

-0.0172 

—0.017 

Ayerage,       — ^4728  cals. 

m.  Atj.  At,.  t.  AT.  M.  q.  Q.         T. 

2.8726     +0.0014     —0.0048     —0.009     —0*471      190-3     — 89.74     —4212    23^ 


Ac€naphiAen€. 

m.  Ati.  At,.  t.  AT.  M.  q.  Q.  T. 

3.8506     4-0-0038     —0.0046     —0.009     —0.772  190. 1  —146.7  —5899  25.0^ 

1.6855     —0.0014     —0.0024     —0.005     —0.340  190.3  —64.71  —5914  23.6° 


Average,  — 5906  cals. 
Naphthalene. 

m.               Atj.                  At,.                  t                  AT.  M.  q.  Q.          T. 

2.9976    —0.0036    —0.0104    — 0.021    —0.599  ^90- 1  — "3-9  — 4861     24° 

Urea. 

m.               At|.                  At,.                  t.                  AT.  M.  q.  Q.          T. 

'-3715     +0.0003     —0.0046     —0.025     — 0.434  190. 1  — 82.6  —3612  24^' 

Acetamide. 

n.              Atj.                At,.                 t.                AT.  M.  q.  Q.         T. 

3-4805     +0.0014     — 0.0094     — 0.019     — 1. 1 19  190.1  — 212.7  — 3606  23.3^* 


Phenanthrene . 

Prom  Kahlbaum.     Crystallized    three    times  from  toluene. 

Air  dried.     Melting  point  =  100.4''.     Beilstein  gives  99^  ;  Feh- 
li^^  gives  96®  to  100®. 

m.  Atf  At,.  t.  AT.  M.  q.  Q.  T. 

0.8259     —0.0008     — 0.0022      —0.004     —0.105      ^90.3     — 19.98    — ^4306  24^ 

Chloral  Hydrate. 

a.  At,.  At,.  t.  AT.  M.  q.  Q.  T. 

S.0642     —0.0022     —0.0182      —0.018     —0.029      190.3  —5.519     —1 13. 1  22° 
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Succinimide. 

m.  At,.  Mr  L  iT.  M.  q.  fi.         T. 

4.1413    —0.0018    —0.0106    —0.032    — 1-I99    190-3    — '"S-*    —545*   "-5° 
Benaamide. 
From  Kahlbaum.     Recrj'stallized  from  water.      Air  dried. 
Melting  point  126.0°.     Beilstein  gives  123° ;  Fehling  gives  125°. 

m.  U|.  At,.  1.  AT.  M.  q.  S.         ^■ 

1.9457    —0.0018    — o.005»    —0.005    —0-361     '90.3   —68,7      —4338    M-5° 
Reiorcinol. 

m.  All.  Ati'  t.  AT.  M.  q.  Q.         T. 

4.1003      —0.0016      —0.0016   —0.0034      +0.054      190.3     +10.38     +3693     23,5° 

Toluidin  {p). 

From  Kahlbaum.     Very  impure.     RecrystalHzed  from  alcohol 

three  times.     Slightly  yellowish,  turned  darker  on  exposure  to 

air  and  light  while  drying.     Air  dried.     Melting  point  44.6°. 

Beilstein  gives  45°. 

a.  At,,  Ai,.  L  AT,  M.  q.  S-         T. 

3.4900     —0.0018     —0.0074     —0.007     —0.613      190.3     — 118.6    -3636     13.5^ 

1-3391    +0.0014    —0.0008    — o.ooi    — a»4i     190.3    —45-87   — 3**5    24*^ 
Average ,      — 3650  c«ls . 
HBATS  OF  SOLUTION  IN  PROPYL  ALCOHOL. 
Propyl  alcohol  from  Kahlbaum.      Dehydrated  with  calcium 
oxide.      Distilled.     Distillate  collected  until  ao  empyrcumatic 
odor  was  observed.     Sp.   gr.  -^^o.SoiaS.      Mass  of  alcohol 
H^livTTpd  hetvM^n  ^o*  and  25°  =  373-9  X  0-8013^  299.5  grams, 
.5  X  0.66  =  197.7  grams  water. 
Uretkane. 

t.  AT.  M.  q.  Q.  T. 

—0.021    —1.054    214.3  —"5-9  — 604S    24.70 
Atenapklhent. 


— OL040    —0.634    —214.3    >35-9    — *8o7     IS"* 
NapktkaUiu. 

t  AT.  H.  q.  Q.  T. 

—0.032       0^7    114.3   — ii7.»   —5681    a3.o*» 

SOLUTION  IN  CHLOROFORM. 

er  mud  Amend,  Powers  and  Weightmatt, 
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and  Charles  Cooper  and  Co.     Purified  by  washing  with  water 

till  it  gave  no  reaction  for  alcohol,  drying  with  sulphuric  acid  or 

calcium  chloride  and  distilling.     No  reaction  for  impurities  with 

silver  nitrate  or  potassium  hydroxide.     Sp.  gr.  between  20**  and 

25**=  1.479.     Mass  of  chloroform  delivered  =  373.9  X  1.479  = 

553.0  grams,  or  in  water  terms  =  553.0  X  0.2337  =  ^29.3  grams 

water. 

Urethane. 

m.  At,.  At«.  t  AT.  M.  q.  Q.         T. 

3.3930    +aooi4    —0.0082    —0.032    —1. 161    145.7   — 1^-2^  —4573    23.5° 

Acetanilid, 

m.  At|.  At«.  t  AT.  M.  q.  Q.         T. 

2.5859     +0.0026     —0.0038     —0.022     —0.584     145.7    —85.10    —4442     24.5° 

Acenaphtkene , 

m.  At,.  At*.  t  AT.  M.  q.  Q.         T. 

2.4138     +0-0008     —0.0072     —0.035     —0.482     145.7     —70-23     —4480     21"^ 

Naphthalene, 

n.  At,.  At«.  t.  AT.  M.  q.  Q.  T. 

0.9407     —0.0060     —0.0052     —0.005     —0.194      145-9     —28.31      —3852      23° 

Chloral  Hydrate. 

m.  At,.  At,.  t.  AT.  M.  q.  Q.         T. 

7.0497    —0.0042    —0.0368    —0.137  .—1.753    145-9   —255.7   —5993    21.7" 

Toluidin  {p), 

m.  At,.  At«.  t  AT.  M.  q.  Q.         T. 

1.27S7    —0.0028    —0.0034    — o.oii    —0.286    145.9    —41.74  —3492   23.3° 


HBATS  OP  SOLUTION  IN  TOLUENE. 

From  Kahlbaum,  Colorless.  Redistilled.  Boiling  point 
iio.4*'-iio.7*.  Sp.  gr.  between  20**  and  25*  =  0.8621.  Mass  of 
toluene  delivered  =  373.9 +  0.8621  =  322.3  grams,  or  in  water 
terms  =  322.3  X  0.3942=  127.1  grams  water. 

Urethane. 

m.  At,.  Att.  t.  AT.  M.  q.  Q.         T. 

I.7615     — 0.0002     — 0.0100     — 0.018     —0.881      143.7     — 126.6    — 6399     23^ 

Acenaphthene. 

m.  At,.  At«.  t.  AT.  M.  q.  Q.         T. 

5.1897     — 0.0066     —0.0202     —0.020     — 1. 1 15      143.9     —160.6     —4763     23° 
1.6799     —0.0062     —0.0100     —0.010     —0.366     143.5     —52.51     —4314     23° 

Average,     —4788  cals. 
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Naphthalene, 

tn.  At,.  At«.  t.  AT.  M.  q.  Q.         T. 

2.3937    — o.ooio    —0.0074    —0.007    —0.550    143.9    — 79-»3    —4232    23° 

0.9916     —0.0034     —0.0064     —0.013     —0.232      143.7     —33.34     —4302     23° 


Average,       — 4267  cals. 
Chloral  Hydrate, 

m.  At|.  At,.  t.  AT.  M.  q.  Q.        T. 

2.8739    —0.0090    —0.0156    —0.056    —0.913     143.5    — I3I-P    —7537    24° 

Phena7ithrene , 

m.  Ati.  At«.  t.  AT.  M.  q.  Q-         T. 

3.6075     —0.0046     —0.0076     —0.015     —0.504      153.7     —72.71     —3588    24.7^ 

1.3179    —0.0084    —0.0108    — o.oii    —0.179    143.5   — 25.69    — 3469   23^ 

Average,      — 3528  cals. 
Tolnidin    {fi), 

m.  At,.  At).  t.  AT.  M.  q.  Q.         T. 

3.8683    —0.0080    —0.0186    —0.019    ~- 1-247     143-7    -179-2    —4956   24.7^ 
1-9525     4-0.0024    —0.0032    —0.003    —0.636     143.7    —91-40    — 5011    23^ 

Average,      — ^4983  cals. 

The  quantit}-  of  solvent  compared  with  the  quantity  of  sub- 
stances dissolved  is  so  large  that  it  is  safe  to  conclude  that 
further  addition  of  solvent  would  produce  no  appreciable  evolu- 
tion of  heat.  Besides,  it  is  plain  from  the  above  experiments 
that  in  many  cases  a  difference  of  100  per  cent,  in  the  quantity  of 
solvent  produced  no  decided  change. 

The  following  table  shows  the  heats  of  solution  in  a  conven- 
ient form  for  comparison. 

Water. 

Urea —3628 

Urethane — 3787 

Chloral  hydrate  — 929 
Succinitnide  ..  — 4294 
Acetamide  . '  > .   — 1991 

Matinite — ^5262 

Resorcin — 3960 

Benzamide 

Toluidine  {p) 

Acetanilide 

Acenaphthene 

Naphthalene 

Phenauthrene 

Sugar — 1318 
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Methyl 
alcohol. 

Ethyl 
alcohol. 

Propyl 
alcoool. 

Chloroform. 

Toluent 

—4345 

—3612 
—4728 

—6045 

—4573 

-6399 

— II31 
-5456 

-3606 

• 

—5993 

-7537 

+269.2 

-4238 

—3650 

****** 

—3492 

-4983 

4477 
—6180 

—4233 

—4212 
-5986 
—4861 
—4306 

—6807 
-5681 

—4442 
—4480 

—3852 

^788 

-4267 

-3528 
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THE  manifold  interests  connected  with  micro-organisms, 
because  of  their  causal  relations  to  certain  diseases  of 
man  and  also  of  the  lower  animals,  and  the  part  they  play  in 
many  important  economic  problems  have  stimulated  much 
investigation  by  physicians  and  biologists.  The  field  is,  how- 
ever, very  great  and  the  explorations  have  but  just  begun. 

There  are  many  questions  connected  with  this  subject  that 
are  yet  unsettled  and  many  that  have  not  as  yet  been  touched 
upon.  The  physician  in  studying  micro-organisms  has  always 
before  him  the  consideration  of  their  relation  to  the  disease  in 
question.  Other  phases  of  the  life  of  these  germs  are  not  at  all 
considered  by  these  investigators,  thus  leaving  the  important 
questions  of  classification,  physiology  and  the  chemistry  of  their 
life  and  development  to  the  botanist  and  chemist.  The  purpose 
of  this  paper  is  to  make  a  small  contribution  to  a  phase  of  the 
chemical  side  of  this  question,  namely,  to  a  study  of  the  gases 
produced  during  the  development  and  growth  of  some  micro- 
organisms. 

Although  the  study  of  the  products  of  chemical  decomposition 
foraied  by  micro-organisms  has  not  been  very  extensive  or  verj' 
thorough,  yet  much  has  been  learned  in  a  qualitative  way.  The 
substances  produced  by  bacteria  are  quite  numerous,  including 
solids,  liquids  and  gases.  The  same  products  are  often  produced 
by  different  organisms  in  varying  proportions. 

Among  the  solids  produced  are  the  ptomaines,  indol,  skatol, 
leucine*  tryrosine,  succinic  and  malic  acids,  etc.  The  liquid 
pnnlucts  include  alcohol,  acetic  and  lactic  acids.  The  gases 
formed  are  quite  numerous  and  include  hydrogen  sulphide, 
ammonia,  carbon  dioxide,  hydrogen  and  methane.  In  cases  in 
which  ammonia  and  hydrogen  sulphide  are  produced  simultan- 
eously, they  unite  and  form  ammonium  sulphide. 

The  importance  of  the  study  of  these  compounds,  both  quali- 
tatively and  quantitatively,  is  evident  when  the  character  of 
such  products  as  are  included  under  the  general  term  ptomaines 
and  leucomaines,  also  tuberculin,  antitoxine,  etc.,  are  consid- 
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ered.  A  knowledge  of  the  gaseous  products  and  the  conditions 
under  which  they  are  formed  is  often  of  great  service  to  the 
biologist  in  identifying  different  species.  This  is  well  illustrated 
by  a  condensed  statement  taken  from  on  article  by  Dr.  McWeemey 
in  * 'Modern  Medicine  and  Bacteriological  Review,"  Vol.  8» 
August,  1894. 

Dr.  McWeeney  says  in  this  article  that  he  made  a  study  of 
the  microbic  cause  of  an  epidemic  of  typhoid  fever,  which  had 
recently  occurred  in  the  village  of  Waterford,  England,  using 
the  method  of  Pariettis,  Globis,  and  others.  He  identified  the 
microbes  as  those  of  Eberths,  (that  causing  typhoid  fever)  while 
the  fermentation  test  of  Dr.  Theobald  Smith,  of  Washington, 
indicated  on  the  contrary  that  the  bacillus  was  not  that  of 
Eberth,  but  was  the  bacillus  coli,  since  it  produced  decomposi- 
tion of  lactose,  although  not  quite  so  freely  as  another  specimen 
of  bacillus  coli  with  which  it  is  compared.  The  bacillus  of 
Eberth's  did  not,  however,  produce  decomposition  of  lactose  as 
does  the  bacillus  coli. 

It  is  a  well  known  fact  that  micro-organisms,  when  sur- 
rounded by  the  conditions  favorable  to  their  growth,  namely,  a 
proper  food  supply,  moisture,  favorable  atmospheric  conditions, 
and  temperature,  develop  very  rapidly  for  a  time.  However, 
after  a  certain  period  the  rate  of  development  diminishes  until 
finally  it  ceases  entirely,  although  there  may  be  a  large  supply 
of  food  material  still  unused  and  the  general  conditions  have  not 
changed.  For  example,  the  saccharomyces  produces  alcohol 
from  sugar  until  about  fifteen  per  cent,  of  the  media  becomes 
alcohol,  when  action  practically  ceases.  A  twenty  per  cent, 
solution  of  alcohol  is  antiseptic.  Many  illustrations  for  the  effect 
on  the  growth  of  bacterial  forms  might  be  adduced,  but  they  are 
too  familiar  facts  to  be  repeated  .here. 

In  a  study  made  by  the  authors  an  attempt  was  made  to  accu- 
rately estimate  the  constituents  of  the  mixed  gaseous  products 
by  a  variety  of  bacteria.  Hempel's  apparatus  was  used  for  the 
estimation  of  the  gases.  The  pieces  employed  are  shown  in  the 
cut  that  accompanies  Ihis  article.*  The  culture  flask  is  the  only 
apparatus  that  needs  description.     It  consists  of  a  half  liter  flask 

1  See  Hempel's  **  Gas  Analysis  "  for  description. 
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closed  with  a  Uiree-holed  rubber  stopper,  through  one  of  the 
openings  of  which  is  passed  the  stem  of  a  loo  cc.  separatory 
funnel  until  it  nearly  reaches  the  bottom  of  the  flask.     Into  the 


second  opening  is  inserted  a  flue  capillary  tube,  bent  at  right 
angles,  which  serves  to  conduct  the  gas  to  the  mercury 
gasometer.  The  third  opening  serves  for  the  thermometer  when 
temperature  determinations  are  made.  The  flasic  is  connected 
with  the  mercury  gas-holder  when  ready  for  the  connection  of 
the  gases. 

The  separatory  funnel  was  used  for  inoculating  the  medium. 
The  method  of  procedure  is  as  follows  :  The  flask  is  filled  nearly 
full  of  the  food  medium  which  had  been  properly  sterilized.  The 
separatory  funnel,  which  was  filled  about  two-thirds  full  of  the 
sterilized  medium,  was  now  inserted  and  the  whole  resterilized. 
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The  stopper  was  next  crowded  in  and  the  stopcock  opened.  The 
medium  in  the  funnel  was  allowed  to  run  into  and  fill  the  small 
vacant  space  below  the  stopper  and  force  the  liquid  through  the 
capillary  tube  until  the  latter  is  filled  over  to  the  mercury.  The 
stopcock  was  then  closed  and  the  apparatus  was  ready  for  the 
collection  of  the  gases.  From  the  gas-holder  the  gas  was  trans- 
ferred to  the  burette  and  the  analysis  carried  on  in  the  usual 
manner,  except  that  mercury  was  used  in  the  burettes  instead  of 
water. 

PREPARATION  OP   THE   MEDIA. 

The  fluid  in  all  cases  was  peptone  bouillon  containing  either 
glucose,  lactose,  or  cane  sugar.  The  bouillon  was  prepared  by 
using  either  250  grams  of  finely  chopped  lean  beef,  or  five  grams 
of  Liebig's  extract.  After  the  meat  was  thoroughly  cooked  it 
was  filtered,  and  to  the  filtrate  was  added  five  grams  of  salt, 
twenty  grams  of  sugar  and  ten  grams  of  dried  peptone.  It  was 
then  made  up  to  a  liter.  The  medium  was  now  put  in  a  flask 
and  separatory  funnel  as  before  directed  and  sterilized  for  three 
successive  days  in  a  Kock's  steam  sterilizer,  when  it  was  ready 
for  use.  The  Liebig's  extract  was  treated  in. the  same  manner 
as  was  the  meat  extract. 

The  bacteria  in  all  cases  were  taken  from  fresh  cultures, 
grown  either  upon  agar-agar,  gelatin  or  potato.  The  medium 
in  which  the  bacteria  grew  was  in  all  cases  neutral. 

The  following  are  the  tabulated  results  of  a  few  of  the  gas- 
producing  organisms  of  which  a  study  was  made  : 


Tablb  No.  I.— Bacii*i,us  Aromatica. 

Hy- 
Carbon  dro- 
Kind  No.   dioxide.  geiL 

of  Gas  present  after  days.  cc.        Per       Per 

Temp.       Date.  sugar:       1234  5       taken,   cent,     cent 

1.  28^  July  23  Glucose,  o  87.5    173.     237.0  38.4  26.04  73-9 
18°  Oct.  I  Glucose-  o      45.4  15.7  26.68  73.3 

2.  28°  Aug.  2  Cane....  o  39.5      ...      93.8    122.9  18.7  23.5  76.4 
24^  Aug.  17  Cane....  o 32.2  21.S  78.0 

3.  Aug.  10    Lactose*  000  o  0000 
Aug.  15    Lactose-  0000  0000 
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Tabids  No.  II.^Micrococcus  prom  Chbbse. 


Date. 
July  29 
Sept.  22 
Aug.  2 
Sept.  22 
Aug.  20 
Sept.  15 


Kind 
of 

BUgtiT. 

Glucose- •• 
Glucose  •  •  • 

Cane 

Cane 

Lactose*  •• 
Lactose**-' 


I 

o 
o 
o 
o 
o 
o 


Gas  present  after  days. 

4 


2 

O 
O 

o 
o 
o 
o 


3 

o 
o 
o 
o 
o 
o 


o 
o 
o 
o 
o 
o 


5 

o 
o 
o 
o 
o 
o 


Hy- 

Carbon   dro- 

No.    dioxide,  sren. 

cc.        Per       Per 

taken,   cent.     cent. 


O 
O 
O 

o 
o 
o 


o 
o 
o 
o 
o 
o 


o 
o 
o 
o 
o 
o 


Table  No.  III.— Jones  Anacrobb. 


Gas  present  after  days 

a  Z  A        I 

134*^       • • • •        • • . 


Kind 
of 
Temp.      Date.  sugar.         x 

1.  28^    Sept*  6    Glucose  ••  76.6 

July  23    Glucose 

2.  Aug.  29  Cane -••*        o    136.8    151.8 
jxxly  o     Cane  ....     ...      ..••       .... 

3.  Aug.  6     Lactose  •  •       o 
Sept.  15  Lactose  ••       o 


o 
o 


o 
o 


o 
o 


Hy- 

Carbon  dro- 

No.  dioxide,    gen. 

cc.      Per        Per 

taken,  cent.     cent. 

24.3     27.8     72.1 

72.0     II.5     82.4 

•••     42.3     57.6 

85.0    44.7    55-3 

000 

000 


Tabi,e  No.  IV.— Bacillus  Coli  Communis. 


Kind 
of 
Temp.    Date.         sugar. 

1.  28°  Sept.  6  Glucose 
22^  Sept.  30  Glucose 

2.  24°  Aug.  17  Cane  ••< 
22°  Oct.  15   Cane  •  * 

3.  26°  Aug.  27  Lactose 

Oct.  19   Lactose 


Gas  present  after  days. 
12  3  4 

1 19.6      162.0 
76.6 

7-5      34. 


•  •    . .  • 


o 
o 
o 
o 


140 


40.1 

5.2 


Carbon 
No.   dioxide, 
cc.       Per 
5     taken,  cent 

o  31.0  25.16 

■  •  45-0  23.2 

o  37.0  34.3 

. .  28.0  31.6 


76.6  233.5  27.0    28.8 
35-3    27.2 


hy- 
dro- 
gen. 
Per. 
cent. 

74.8 

76.8 

65.4 

68.4 

71. 1 

72.8 


Table  No.  V.— Bacillus  Coli  Communis.^ 

Hy- 
Re-    Carbon  dro- 
Total  gas    action  dioxide,  gen. 
Per  cent,  of  gas  present  after  days.  at  of        Per    Per 

Rind  of  sugar,    i         23         4567        ao*-35*.  bulb.   cent.  cent. 

Glucose 28.0  44.0  47.0 ^    .^^^'     32.0  68.0 

44. 

Cane 31.0    ..     47.0    *.     50.0    ..    ^'.f^^'     Acid.    36.563.5 

43' 

Cane 7.0    ..     13.0    *       15.0  16.0^°    ^®*    Alkali.  23.077.0 


Lactose 28.042.045.048.0    *•    52.0    •• 

^This  table  taken  from  Dr.  Theobald  Smith's  work. 


450       370  35.0 
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Table  No  VI.  Bacii,i.us  Mbsbmtbricus  Vuicatus. 

Ctiton  dn>- 
Kind  No.  dionde.  ra. 

of  Gas  pretent  after  days.  cc.     Per     Per 

Temp.       Date.         suffsr.  123  4  5      *  token,  cem.  tm. 

22°  C.    Oct.  2    Glucose*  •  000  000000 

24°  C.    Oct.  7    Glucose.,  o         00  000000 

25°  C.    Sept.  15  Cane....  o    76.6    99.6    166.90    ...      o    32.2  61.1  3^ 

22°  C.    Oct.  15    Cane 76.6     320  ^3-7  3^-3 

Sept.  22  Lactose,  o      79.1      96.      •    22.8   23.5  76.5 

A  bacillus  from  butter-milk,  not  yet  named,  was  used  to  inoc- 
ulate a  glucose  peptone  medium.    The  results  being  negative  so 
far  as  gas  development  goes  they  are  not  tabulated.    Action 
began  in  the  separatory  funnel,  in  course  of  twenty-four  hours, 
and  gas  was  quite  rapidly  developed.     No  gas  was  found  in  the 
flask  after  standing  for  four  days  and  until  action  had  ceased  in 
the  funnel.     An  examination  of  the  medium  in  the  flask  showed 
that  it  was  very  markedly  acid,  showing  that  decomposition  had 
taken  place.     The  result  is  of  value  only  as  it  shows  that  this 
bacillus  can  develop  in  the  same  medium  with  or  without  air  and 
that  the  products  vary  in  kind  and  amount. 

STATEMENTS  AND  OBSERVATIONS  ON  THE  TABULATED 

RESULTS. 

1.  As  before  mentioned,  the  media  were  neutral  in  all  cases 
and  were  peptone  bouillon,  to  which  were  added  the  difiercflt 
sugars,  as  noted  in  the  tables. 

2.  The  gas  should  not  be  analyzed  until  the  action  is  about 
complete,  owing  to  the  fact  of  absorption  of  the  carbon  dioxide 
by  the  media.  The  flrst  portions  of  the  escaping  gas  were  in 
the  cases  examined  nearly  pure  hydrogon.  Therefore  in  con- 
sidering the  total  gaseous  products  the  absorbed  carbon  dioxide 
should  be  taken  into  account.  It  was  found  that  eachcc.  of  the 
media  absorbed  on  the  average  at  ordinary  temperatures  eight 
cc.  of  carbon  dioxide. 

3.  The  temperature  of  the  media  has  a  marked  effect,  as  is 
well  known,  on  the  rapidity  and  the  time  necessary  for  the 
development  of  the  gas. 

A  difference  of  ten  degrees  made  a  difference  of  four  days  in 
the  time  of  completing  the  action  in  the  case  of  bacillus  aromati- 
cus. 
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4.  It  will  be  noticed  that  at  the  same  temperature  the  action 
starts  at  different  periods  and  that  the  maximum  action  occurs 
at  different  lengths  of  time  from  the  time  of  inoculation. 

5.  Alcohol  was  produced  by  several  of  the  bacteria  studied. 
Bacillus  aromaticus  produced  no  alcohol,  but  did  form  lactic 
add.  The  micrococcus  from  cheese  produced  no  gas  in  any 
case,  I.  ^.,  not  enough  to  more  than  saturate  the  media,  although 
there  was  evidence  of  quite  active  growth. 

6.  The  solutions  were  acid  in  all  cases  at  the  end  of  the 
action.     Lactic  acid  was  found  in  most  cases. 

7.  Jones'  anaerobe  produced  acetic  and  lactic  acids  with  glu- 
cose, lactic  acid,  and  only  a  trace  of  acetic  acid  with  cane  sugar. 
The  alcohol  was  more  abundant  in  the  latter  case. 

8.  Bacillus  coli  communis  produced  no  alcohol,  but  did  form 
lactic  acid. 

9.  The  bacillus  mesentericus  vulgatus  rendered  the  media  but 
slightly  acid.     No  alcohol  was  produced. 

10.  It  should  be  noted  that  the  amount  of  carbon  dioxide  pro- 
duced by  the  different  micro-organisms  studied  varies  with  the 
kind  of  sugar  used.  See  Table  VI  in  reference  to  glucose  and 
lactose.  This  evidently  shows  a  smaller  capacity  to  procure 
oxygen  in  one  case  than  in  the  other. 

11.  Looking  at  the  tabulated  results  under  bacillus  aromati- 
cus, it  will  be  seen  that  the  organism  produces  gas  in  solutions 
of  glucose  and  cane  sugar,  but  it  does  not  produce  any  gas  in 
solutions  of  lactose  sugar. 

12.  In  comparing  the  total  amounts  of  gases  produced  by  dif- 
ferent species  of  bacteria,  it  is  seen  that  they  are  the  most  active 
in  glucose  media,  with  the  exception  of  bacillus  mesentericus 
vnlgatus,  which  produces  no  gas  in  glucose  media.  This  fact 
will  serve  to  distinguish  this  bacillus  from  a  larger  number  of 
others. 

13.  Bacillus  aromaticus  and  Jones'  anaerobe  produce  gas  in 
solutions  of  glucose  and  cane  sugar,  but  none  in  lactose  sugar. 
Coli  commtmis  on  the  other  hand  produces  gas  in  solutions  of 
all  three  sugars,  the  largest  amount  of  gas  being  produced  in 
the  lactose  solution. 

Where  no  record  of  gas  production  is  made  in  the  tables  it 
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means  that  action  practically  ceased  before  this  time  was  reached. 

SOME    OF    THE     INVESTIGATIONS,     PRINCIPALLY    OF    GASEO0S 

PRODUCTS,   OF  THE   GROWTH  OF  MICRO-ORGANISMS 

ARE  SUHUARIZBD   HERE. 

The  following  interesting  conclusions  from  a  study  of  stomach 
dilatation  are  drawn  by  Hoppe  Seyler : 

Firsi.  In  not  a  few  cases  (thirteen  out  of  twenty-two)  there 
were  present  carbon  dioxide  and  hydrogen. 

Second.  The  formation  of  hydrogen  depends  on  butyric  fer- 
ment. 

Third.  The  formation  of  this  hydrogen  goes  on  even  when  the 
fluid  contents  of  the  stomach  reaches  two  per  cent,  of  sodium 
chloride. 

Fourth.  By  removal  of  sodium  chloride  there  is  usually  a 
larger  per  cent,  of  carbon  dioxide. 

Fifth.  By  the  yeast  ferment  carbon  dioxide  only  is  formed. 

Sixth.  Often  the  dilated  stomach  only  contains  the  gases  that 
have  been  swallowed. 

Another  very  important  investigation  of  the  products  of  bacte- 
terial  decomposition  was  made  by  Brieger,  using  the  pnenmo- 
coccus  of  Fried  lander. 

By  growing  this  specific  germ  in  suitable  solution  of  grape  or 
cane  sugar,  he  obtained  principally  acetic,  together  with  some 
formic  and  succinic  acids  and  ethyl  alcohol.  The  same  products 
were  also  obtained  by  the  growth  of  this  organism  in  solution  ol 
calcium  lactate  and  creatine.  In  bacillus  ethaceticus  the  amount 
of  alcohol  and  acetic  acid  stand  to  each  other  in  virtually  the 
same  proportions  as  does  that  produced  by  bacillus  pneumoc(K- 
cus.  yet  the  absolute  amounts  produced  are  much  less  than  in 
that  of  the  latter. 

There  is  often  some  difference  in  the  day  when  fermentation 
begins,  but  Frankland,  Stanley  and  Frew  remark  that  (althongli 
there  is  some  difference  in  the  se\-eral  series  of  experiments  as 
which  elapses  between  the  time  of  inoculi- 
icement  of  fermentation)  the  balance  of  evi- 
;lucose  being  the  least,  and  to  the  mannitol 
g  the  roost  fermentable.     In  the  glucose  fer- 
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mentation  of  pneumococcus  the  proportion  of  hydrogen  to  car- 
bon dioxide  by  volume  shows  that  the  gases  are  given  oS  in 
approximately  the  same  number  of  molecules  of  each,  but  when 
mannitol  was  used  ten  molecu.es  of  hydrogen  to  twelve  mole- 
cules of  carbon  dioxide  were  produced.  This  larger  proportional 
evolution  of  hydrogen  in  the  case  of  mannitol  is  what  might 
have  been  anticipated  from  a  consideration  of  the  larger  per 
cent,  of  hydrogen  in  mannitol. 

Gartner  also  made  some  very  interesting  investigations.  He 
studied  mainly  one  bacterium,  which  he  called  a  new  gas-pro- 
ducing pathogenic  bacillus.  He  inoculated  different  media 
containing  varying  quantities  of  sugar  and  peptone,  also  media 
showing  different  reactions.  Different  products  and  different 
proportionis  of  products  were  obtained  in  most  cases.  He  states 
that  a  three  per  cent,  glucose  medium  gives  a  relatively  larger 
per  cent,  of  gas  than  a  one  and  one-half  per  cent,  solution  ;  also 
that  an  acid  reaction  hinders  the  production  of  gas  and  the  total 
amount  of  gas  is  not  as  much  as  was  formed  from  the  same 
solution  when  it  was  neutral. 

Another  investigator  of  the  gases  produced  by  bacteria 
deserves  mention,  namely.  Dr.  Theobald  Smith,  of  Washington. 

Dr.  Smith,  in  his  analysis,  used  a  fermentation  tube  devised 
by  himself.  The  media  and  fermentation  tubes  were  completely 
sterilized,  after  which  the  media  was  inoculated  with  specific 
germs.  The  gas  was  afterwards  determined  by  using  potassium 
hydroxide  as  an  absorbing  material  for  the  carbon  dioxide.  The 
remainder  of  the  gas  he  calls  an  explosive  gas  and  assumes  it  to 
be  hydrogen. 

The  types  of  bacteria  which  he  took  were  bacillus  coli  com- 
munis, hog  cholera  bacillus,  B.  lactis  aerogenes,  bacillus  of 
Friedlander,  B.  aedematis  maligni,  proteus  vulgaris,  B.  cloacea 
and  saccharomyces. 

The  result  of  his  study  of  these  micro-organisms  was  to  show 
that  the  media  conditions  under  which  development  took  place 
modified  the  proportion  of  the  gaseous  products  and  the  rapidity 
of  their  formation.  His  results  also  show  that  these  facts  may 
be  used  to  a  marked  extent  to  determine  species. 

The  following  is  a  short  bibliography  of  this  subject. 
(5) 
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CHEillCAL    VS.    BACTERIOLXKilCAL    EXAMINATION    OF 

POTABLE  WATERJ 

By  W.  p.  Mason. 

Receired  November  i6, 1895. 

APROPOS  of  the  recent  articles  upon  this  question,  which 
have  appeared  in  the  English  papers,  it  is  noteworthy  that 
there  is  a  growing  tendency  among  physicians  and  civil  engi- 
neers to  belittle  the  chemists  opinion  regarding  the  potability 
of  a  water,  and  to  pin  their  faith  exclusively  upon  what  the 
bacteriologist  may  have  to  say  upon  the  subject.  This  feeling 
is  strengthened  by  the  publication  of  the  results  of  such  trials  as 
that  undertaken  by  the  London  Local  Government  Board,  in 
which  it  will  be  remembered,  water  samples  purposely  inoculated 
with  typhoid  germs,  were  sent  for  analysis  to  one  of  England's 
leading  chemists  and  were  by  him  pronounced  pure. 

Those  who  set  special  value  upon  such  a  **  test  '*  of  methods 
as  the  above,  and  who  consider  it  quite  final  as  showing  the 

1  Read  before  the  New  York  Section. 
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inability  of  chemistry  to  detect  pollution  in  a  liquid  which  the 
bacteriologist  would  instantly  pronounce  very  foul,  should 
remember  that  such  a  sample  of  water  could  not  be  found  in 
practice,  and  that  the  very  conditions  under  which  it  was  pre- 
pared, eliminated  the  chemical  items  indicating  pollution,  while 
it  increased  tremendously  the  signs  governing  the  bacteriologi- 
cal side  of  the  case. 

The  bacteriologist  sought  for  the  Bberth  bacillus,  and  very 
naturally,  quickly  found  it  in  a  water  purposely  sown  with  a 
culture  of  the  germ. 

The  chemist  looked  for  those  elements  which  always  occur  in 
sewage-laden  water,  whether  the  sewage  be  from  sources  of 
disease  or  otherwise,  and,  not  finding  them,  he  pronounced  the 
water  to  be  what  it  really  was,  free  from  sewage  addition. 

Sewage,  as  it  occurs  in  practice,  contains  an  immense  deal  of 
material  other  than  that  productive  of  disease,  and  it  is  upon 
just  this  comparatively  harmless,  but  constantly  present  material 
that  the  chemist  relies  for  the  indication  upon  which  he  bases 
his  opinions. 

He  is  unable  to  say  whether  or  not  a  sewage-laden  water  is 
disease-bearing  on  any  particular  date,  for  to  him  all  sewage  is 
alike,  but  he  condemns  the  water,  for  the  reason  that,  although 
it  may  be  harmless  to-day.  it  is  impossible  to  predict  what  may 
be  its  condition  to-morrow. 

Within  the  week,  I  have  been  requested  to  make  a  bacterio- 
logical examination  of  the  water  of  a  certain  well,  in  order  to 
determine  if  it  be  affected  by  neighboring  cesspools. 

The  physician  who  made  the  request  was  impressed  with 
belief  in  the  paramount  value  of  such  an  examination  and  the 
comparative  uselessness  of  chemical  analysis. 

I  am  quite  convinced  that,  had  I  followed  his  suggestion,  I 
should  have  sought  in  vain  for  any  specific  microbe,  but  inas- 
much as  upon  chemical  analysis,  I  found  that  the  '* chlorine" 
ran  twenty-four  parts  per  million,  which  is  about  ten  times  the  local 
*' normal,**  and  the  '* nitric  nitrogen**  read  nine  parts  per  mil- 
lion in  place  of  0.116,  I  condemned  the  water  off  hand  without 
going  further. 

There  is  simply  no  comparison  between  the  two  methods  in 
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question  for  water  problems  of  this  class,  and  the  value  of 
chemistry  is  still  more  pronounced  in  those  instances  where  it  is 
possible  to  introduce  common  salt  or  lithium  chloride  into  a 
source  of  suspected  pollution,  and  then  look  for  increased  chlo- 
rine or  presence  of  lithium  in  the  water  of  the  well.  In  legal 
cases  touching  upon  this  point  of  contamination  of  wells,  by 
cemeteries  for  instance,  the  chemical  testimony  is  especially 
strong. 

In  the  matter  of  determining  the  suitability  of  a  stream  for 
city  supply,  the  services  of  the  bacteriologist  should  be  unques- 
tionably secured,  but  it  is  doubtful  if  his  report  can  be  consid- 
ered of  more  importance  than  that  of  the  chemist. 

Chemical  analysis,  by  comparing  the  water  taken  at  the  site 
of  the  proposed  intake  with  that  from  the  same  stream  above  all 
points  of  possible  pollution,  can  indicate  whether  or  not  up  stream 
contamination  is  felt  at  the  lower  point ;  nor  is  it  necessary  that 
the  polluting  sewage  be  from  pathogenic  sources  in  order  that 
its  presence  may  be  recognized. 

As  Dr.  Dupr6  has  pointed  out,  chemistry  in  such  cases  antici- 
pates what  may  happen  in  the  future,  and,  by  timely  advice, 
may  prevent  an  outbreak  of  disease,  while,  on  the  other  hand, 
the  discovery  of  disease  germs  in  a  water  is  only  possible  after 
the  water  has  become  infected. 

Bacteriology  is  of  especial  value,  and  greatly  superior  to 
chemistry,  for  the  testing  of  filters  and  watching  any  variation 
in  their  efficiency. 

For  this  purpose  the  simple  count  of  germs  per  cc.  is  most 
valuable,  and  differentiation  is  a  secondary  matter;  for  the 
assumption  is  a  just  one,  that  a  filter  which  will  remove  the 
harmless  bacteria,  will  take  out  the  objectionable  ones  as  well. 

It  is  very  far  from  my  desire  to  decry  the  value  of  bacteriology, 
but  I  cannot  but  feel,  that  in  their  enthusiasm  over  the  g^t 
triumphs  of  the  new  science,  the  people  at  large  have  gone 
slightly  ** bacteria  mad,'*  and  are  apt  to  expect  more  than  can 
be  furnished  by  the  means  and  information  now  available. 

RBNSSBZ.AB&  Polytechnic  Institute,  Troy,  N.  Y. 
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THE  ELECTROLYTIC  ESTIMATION  OF  MERCURY. 

By  Bdoar  p.  Smith  and  Danibi,  I«.  Wallace. 

Received  November  19,  itgs. 

TH£  precipitation  of  this  metal  from  a  cyauide  solution*  has 
given  quantitative  results,  which  render  the  electrolytic 
procedure  decidedly  more  advantageous  to  the  analyst  than  the 
usual  gravimetric  course.  However,  conditions  sometimes  occur 
when  even  the  preceding  rapid  method  is  made  time-consuming. 
Thus  in  the  working  with  mercury  sulphide  it  would  be  neces- 
sary to  first  dissolve  the  substance  in  acids  and  remove  the  excess 
of  the  latter  before  advancing  to  the  electrolytic  decomposition 
of  the  resulting  salt.  Conscious  of  this  fact  and  that  mercury 
sulphide,  as  cinnabar^  is  a  natural  product,  which  is  quite  often 
offered  for  analysis,  we  took  occasion  to  review  the  method  first 
proposed  by  Smith,*  and  subsequently  confirmed  by  Vortmann,' 
w>.,  the  electrolytic  deposition  of  mercury  from  its  solution  in 
an  alkaline  sulphide.  The  chief  point  to  be  ascertained  was 
whether  the  time  factor  could  be  reduced.  This  had  been 
accomplished  with  the  cyanide  solution  by  simply  applying  a 
gentle  heat,  thereby  precipitating  two-tenths  gram  of  metal  in 
about  two  hours.  Another  point  which  we  wished  to  definitely 
establish  was  the  exact  current  density  for  a  given  electrode  sur- 
face. To  this  end  several  determinations  were  made,  using  a 
mercuric  chloride  solution  of  known  mercury  content : 

N.  D.  of  current 


Mercury  present 
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In  each  case  twenty  cc.  of  sodium  sulphide  of  specific  gravitj' 
1.22  were  present. 

These  results  indicate  that  mercury  can  be  determined  as 
rapidly  and  as  accurately  in  this  way  as  when  working  with  a 
cyanide  solution. 

^This  Journal,  X7, 613. 

*/.  Franklin  Inst.,  1891,  And  J.  Anal.  Chem.,  5,  aoa. 

I  Ber.  d.  chem.  Ges.,  34,  3749. 
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We  next  detennined  the  mercury  in  a  sample  ol  cinnabar  by 
distilling  the  latter  with  lime,  coUectiDg;  and  weighing  the  metal 
as  directed  in  Fresenius'  Quantitative  Analysis,  Am.  Ed.,p.  306. 

I.  0.9590  gram  of  mineral  gave. 0.8194  gram  of  metal,  or  S5. 44 
percent. 

3.  0.8586  gram  of  mineral  gave  0.7335  gram  of  mercury,  or 
85.31  per  cent. 

Portions  of  the  same  mineral  were  weighed  out  in  platintmi 
dishes  and  after  solution  in  twenty  to  twenty-five  cc.  of  sodium 
sulphide  of  specific  gravity  previously  mentioned,  were  diluted 
with  water  to  125  cc,  and  electrolyzed  at  a  temperature  of  70°, 
with  a  current  of  N.  D  „  =  o,i2  ampere.  The  period  of  time 
allowed  for  the  precipitations  never  exceeded  three  hours.  The 
results  were : 

ClDubar.  ilfnuTj. 

fiam.  knm-  PcmnUfe. 

1 0>'67  0.1850  85-37 

' 0.1074  0.1769  85.»9 

3 0.1433  o.ao77  85^0 

We  would  observe  that  during  the  electrolytic  decomposition 

the  platinum  dishes  should  be  carefully  covered  to  prevent 

e\-aporation,  thereby  exposing  a  rim  of  metal,   which  if  not  in 

part  volatiliied,  n-ould  j'et  be  changed  to  mercury  sulphide.  The 

rd  by  a  dark-colored  film.      With  a  little  atten- 

d  be  no  question  as  to  the  final  outcome  of  any 

nade  in  this  way.     We  regard  the  method  as 

rtor>'.     The  short  time  required  for  a  determi- 

>ed  above,  will  recommend  it  in  our  judgment 

;rallv. 


ATKiS  OF  PtIOSPttOMOLYBOATE  IN  STEEL 
ANALYSIS. 

per'  Messrs.  Blair  and  ^'bitfield  give  a  new  ior- 
piTepATvi'.on  of  molybdate  solution,  which  is  > 
fnt  ou  the  old  one.  as  by  its  use  the  separation  of 
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ammonium  molybdate  from  the  solution  by  long  standing  is 
avoidfsd  and  the  solution  retains  its  strength.  In  using  solution 
of  the  new  formula,  however,  the  writer,  a  number  of  times,  has 
had  a  further  precipitation  of  phosphomolybdate  to  occur  after 
filtration.  This  additional  precipitate  could  not  have  resulted 
from  insufficiency  of  molybdate  solution — sixty  to  seventy-five 
CO.  of  the  solution  having  been  used ;  nor  from  insufficient  shak- 
ing— ^ten  minutes  having  been  given  in  each  case.  The  precipi- 
tation seemed  to  be  the  result  of  the  dilution  of  the  liquid  by  the 
wash  water,  and  not  of  the  longer  standing,  as  in  several  cases  the 
original  phosphomolybdate  precipitate  had  stood  an  hour  or 
more,  and  in  one  case,  all  night  before  filtering.  This  seemed 
an  indication  that  dilute  solution  is  a  help  to  complete  precipita- 
tion. But  the  query  then  arose.  Why  had  this  after  separation 
of  phosphomolybdate  never  occurred  before  in  using  molybdate 
solution  of  the  old  formula  ?  The  explanation  at  once  suggested 
itself.  Because  when  solution  of  the  old  formula  is  used  the 
amount  of  ammonium  nitrate  present  is  necessarily  much  larger. 
If  these  assumptions  are  correct,  it  then  would  seem  that  the 
presence  of  ammonium  nitrate  and  a  dilute  solution  are  both 
important  factors  in  the  thorough  precipitation  of  the  phospho- 
molybdate (the  former  is,  indeed,  a  well  known  fact).  Acting 
upon  this  hint,  precipitations  have  since  then  taken  place  in 
solutions  of  larger  volume,  and  containing  a  greater  proportion 
of  ammonium  nitrate ;  effected  by  increasing  the  volume  of 
nitric  acid  (sp.  gr.  1.13,  recommended  by  Drown),  as  used  for 
solution  of  two  grams  steel,  to  100  cc,  and  the  amount  of  strong 
ammonia  used  for  neutralization,  to  fifteeh  cc.  diluted  with  fifty 
cc.  cold  water.  The  following  few  experiments  which  the  writer 
has  had  time  to  make,  give  some  corroboration  to*  this  theory. 

Experiment  /.  Heat  369.    i .    Solution  nearly  neutral.     Vol- 
ume small.     Considerable  ammonium  nitrate  present.     Sixty 
cc.  nitric  acid  (1.13)  for  solution  of  the  steel.     Eight  cc.  strong 
ammonia  for  neutralization.     Thirty-five  cc.  molybdate  solution 
o^  old  formula,  — 0.009  per  cent. 

^*  Solution  very  strongly  acid.     Dilute  in  volume.     Large ex- 

^   of  ammonium  nitrate  present.      One  hundred  cc.  nitric 

('.  13 j /or  solution.     Fifteen  cc.  strong  ammonia  for  neu- 
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tralizatioD.  Then  fifty  cc.  strong  nitric  add,  and  fifteen  to 
twenty  grams  of  crystallized  ammonium  nitrate.  Sixty  cc.  of 
molybdate,  new  formula,  — o.oio  per  cent. 

Experiment  3.  Heat  352.  i .  Solution  nearly  neutral.  Volume 
dilute.  Considerable  ammonium  nitrate  present.  One  han- 
dred  cc.  nitric  acid  (1.13)  for  solution.  Fifteen  cc.  strong 
ammonia  for  neutralization.  Sixty  cc.  molybdate  solution  of 
new  formula,  ^-0.161  per  cent. 

2.  Solution  very  strongly  acid.  Volume  dilute.  Large  ex- 
cess of  ammonium  nitrate  present.  One  hundred  cc.  nitric 
acid  (1.13)  for  solution.  Fifteen  cc.  strong  ammonia  for  neu- 
tralization. Then  fifty  cc,  strong  nitric  acid,  and  fifteen  to 
twenty  grams  of  crystallized  ammonium  nitrate.  Sixty  cc. 
molybdate  solution  of  new  formula,  — 0.160  per  cent. 

These  results  tend  to  show  that  rather  large  dilution  and 
plenty  of  ammonium  nitrate  are  important  conditions  in  the  com- 
plete precipitation  of  the  phospbomolybdate,  and  that  the  degree 
of  neutralization  of  the  nitric  acid  before  precipitation  is  unim- 
portant, the  complete  precipitation  depending,  not  upon  the 
approximate  neutralization  of  the  liquid,  but  upon  the  amount 
of  ammonium  nitrate  present  and  the  dilution  of  the  solution. 
The  reverse  of  this  (solution  small  in  bulk  and  nearly  neutral)  is 
sometimes  recommended.'  As  before  stated,  about  the  right  dilu- 
tion and  the  proper  amount  of  ammonium  nitrate  seems  to  be 
obtained  by  using  one  hundred  cc.  nitric  add  of  specific  gravity 
1. 13  for  solution  of  thesteel,  and  fifteencc.  strong  ammonia  in  fifty 
cc.  cold  water  for  neutralization  previous  to  the  addition  of  the  mo- 
lybilate  solution.  But  if  it  be  desired  to  have  the  solution  less 
iu\x>tume.  this  amount  of  animonlnm  nitrate  willnotalwayssuf- 
fii.'e.  as  the  writer  has  iound  by  experience.  The  dilution  seems 
'  int  requisite  when  molybdate  of  the  new  formula 

.i(  ]>hiisphorus  precipitating  afterfiltmtion,  in  the 
k  vvK-temiined  as  p>-Topho^hate  to  gtiard  against 
v^t  the  »e[Mratioa  being  ammonium  molybdate 
s(^<v-li\V.v  o  o^^.  0,003.  ■'•<*  0.013  P**"  cent. 
hf  vf  n,-  great  degree  of  error  that  may   occur 
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from  the  careless  use  of  molybdate  solution  of  the  old  formula, 
the  following  results  may  be  of  interest  to  members  of  the 
society. 

The  molybdate  solution  had  been  made  up  for  two — possibly 
three  or  four  weeks.  Then  a  close-down  of  the  works  for  three 
weeks  for  repairs,  at  the  end  of  which  time  the  use  of  the  solution 
was  thoughtlessly  resumed.  But  the  extreme  lownessof  the  results 
for  heats  307  and  308  threw  suspicion  upon  the  solution,  and 
duplicate  determinations  were  made  with  fresh  solution  and 
continued  till  complete  demonstration  was  had  that  the  moly 
date  solution  was  at  fault. 

With  old  solution.  With  fresh  solution. 

Per  cent.  Per  cent. 

Heat   306 0.048  0.060 

"      307 0.004  0.006 

'*      308 0.002  0.006 

•'      309 0033  0.035 

**      310 0.013  0.020 

**      311 0.002  0.007 

"      312 0.002  0.006 

**      313 o.ooi  0.008 

314 0.012  0.036 

315 o.oio  0.049 

316 •.  o.ooi  0.007 

317....^ 0.008  0.049 

318 0.002  0.020 


14 
(C 
It 
It 
(I 


Many  authorities  advocate  the  taking  of  the  temperature  of 
the  liquid  before  the  addition  of  the  molybdate  solution  ;  or  the 
precipitation  of  the  phosphomolybdate  at  a  certain  exact  tem- 
perature— 85**  usually .  The  writer  ventures  to  question  whether, 
in  a  busy  iron  or  steel  works  laboratory,  it  is  worth  while  to  take 
this  trouble.  For  if  five  minutes  be  allowed  for  cooling  after  the 
solution  is  withdrawn  from  the  flame,  or  if  the  flask  be  plunged 
into  cold  water  a  couple  of  times,  there  is  no  danger  of  its 
temperature  being  over  85° ;  and  Babbitt  has  shown  that  down 
to  25°  all  the  phosphorus  precipitates.  Doolittle  habitually  pre- 
cipitates at  35**  to  evade  arsenic.  Another  authority  (Johnson, 
I  think)  avoids  a  temperature  higher  than  50**  to  prevent  oxides 
of  iron  and  alumina  from  precipitating  with  the  phosphomolyb- 
date.   So  that  where  arsenic  is  not  present  any  temperature 
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between  the  wide  limits  of  25^  and  85**  is  all  right,  and  one  can 
not  err  in  omitting  the  use  of  the  thermometer  altogether.  The 
iron  is  not  likely  to  precipitate  if  the  solution  be  acid  enough. 
Nevertheless  a  temperature  below  50*  is  perhaps  better  than  one 
higher. 

As  a  reducing  agent,  perhaps  the  majority  of  chemists  follow 
Jones  in  favoring  ferrous  sulphate.  The  writer  found  considera- 
ble phosphorus'  in  a  lot  of  nice  clean  looking  sulphate  labelled 
**Free  from  phosphorus,"  and  has  since  then  used  sugar  as 
originally  recommended  by  Dr.  Drown.  The  queerest  experi- 
ence in  the  way  of  impure  chemicals  was  the  finding  of  phos- 
phorus in  "C.  P  "  nitric  acid — enough  to  add  0.06  per  cent,  to 
the  real  percentage  in  the  steel.  A  second  bottle  from  the  same 
makers  also  contained  it,  though  not  in  so  great  amount. 


THE  USE  OF  THE  CALORIMETER  IN  DETECTING  ADUL- 
TERATIONS OF  BUTTER  AND  LARD.* 

By  E.  a.  DB  SCHWEINITZ  AND  J  AMES  A.  EMBRY. 
Received  January  3,  1896. 

WHILE  engaged  in  a  study  of  the  comparative  value  of 
butters  and  oleomargarines,  it  occurred  to  one  of  us 
that  possibly  the  determinations  of  their  respective  heats  of 
combustion  might  be  useful  if  taken  in  connection  with  other 
^  data.  Prof.  Atwater,  who  has  for  some  time  been  conducting 
experiments  with  an  improved  calorimeter,  very  kindly  con- 
sented to  burn  such  samples  as  might  be  sent  to  him.  The  first 
results  were  so  interesting  that  it  occurred  to  us  at  once  that 
this  method  might  be  useful  in  detecting  the  adulteration  of  but- 
ter with  oleomargarine,  and  also  perhaps  in  distinguishing 
between  lards  of  different  sources  and  compound  lards.  Accord- 
ingly, some  specially  selected  samples  of  which  duplicates  were 
kept  in  our  laboratory,  were  sent  to  Prof.  Atwater,  and  in  the 
case  of  the  butters  and  oleomargarines  the  Results  confirmed  our 
first  suppositions.  In  the  use  of  the  lards,  however,  the  results 
were  not  so  sharply  distinctive,  but  taken  in  conjunction  with 
other  analytical  data  will  prove,  as  we  will  endeavor  to  show, 

1  Not  enouKh.  however,  to  affect  the  results  very  seriously,    o.iii  per  cent.  Instead 
of  0.105  per  cent.,  for  insUnce  ;  and  0,056  and  0.054  per  cent,  in  another  steel. 

2  Read  at  the  Cleveland  meeting,  Dec.  31,  1895. 
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exceedingly  useful.  The  samples  were  forwarded  to  Prof. 
Atweter,  prepared  for  combustion,  without  any  description  of 
their  character  being  given  except  that  they  were  fats.  It  is 
well  understood  that  the  estimation  of  the  calories  is  of  consider- 
able use  in  a  determination'of  the  molecular  weights  of  complex 
molecules  and  the  results  which  we  will  report  will  serve  to 
show,  we  think,  practical  application  of  the  use  of  the  bomb 
calorimeter. 

This  is  best  seen  by  a  study  of  the  following  tables,  which 
give  in  detail  the  examinations  that  are  ordinarily  made  for 
oleomargarine  and  butter  (Table  I.),  and  accompanying  these 
examinations  the  calories  per  gram.  The  samples  were  pre- 
pared for  these  latter  determinations  by  washing,  melting,  filter- 
ing, and  drying  the  samples  at  lOo"  C. 

The  figures  given  by  different  authorities  for  butter  fat,  vary 
slightly.  Stohman  gives  the  heat  equivalent  as  determined  by 
the  potassium  chlorate  method  as  9.192  small  calories  per  gram, 
while  by  the  oxygen  method  it  was  9.231  calories  per  gram. 
The  three  samples  of  pure  butter  burned  were  from  the  follow- 
ing sources  r  No.  28,  the  best  butter  used  by  Armour  &  Co.,  in 
the  manufacture  of  butterine.  No.  26,  was  Elgin  Creamery 
butter,  and  No.  27,  obtained  from  a  Virginia  gentleman,  who 
sent  it  as  a  sample  of  the  best  butter  made  on  his  place.  Nos. 
31,  32.  and  33,  were  mixtures  of  Elgin  butter  and  oleomargarine. 
The  figures  obtained  for  butter  fat  are  a  little  higher  than  those 
Stohman  gives  for  pure  butter. 

Tabic  II.  The  steady  increase  in  the  calories  of  the  mixtures 
is  in  proportion  to  the  amount  of  oleomargarine  added  to  the 
butter  and  this  taken  in  conjunction  with  the  iodine  number 
gives  additional  confirmatory  evidence  of  the  character  of  the 
sample. 

TABLE  II. 
Mixture  Composed  oy  Depinitb  Proportions  op  Elgin  and  Wood- 
lawn  No.  a". 

Actual  Theotetlcml 

Acliul  TheoreUcal  combnstka  comboMian 

iDdin«  iodine  olorics  cbIotIh 

cquivilenL  cquivmlcBL  per  Knm-  per  gnxa. 

l'-.-  43.90     ^  43.76  9.391  9.41a 

1'..-  48.01      *  49.77  9.4,6  9.496 

l'---  5S-40  55.78  9.491  9,584 
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The  theoretical  calories  per  gram  for  the  above  mixtures  as 
compared  with  those  found  are, 

Theory.  Pound. 

No.  31 9.412  9.391 

No.  32 9.498  9.416 

No.  33 9.584  9-491 

The  actual  combustion  of  the  sample  containing  a  small 
admixture  of  oleomargarine  falls  a  little  lower  than  theory 
requires,  but  is  sufficiently  high  to  indicate  at  once  that  there  is 
adalteration  of  the  normal  butter.  The  other  two  samples  give 
results  still  more  distinctive  and  characteristic.  The  determina- 
tion of  the  calories  would  be  sufficient,  therefore,  to  detect  oleo- 
margarine. If  not  relied  upon  entirely  it  still  furnishes  very 
satisfactory  evidence.  One  point  to  which  attention  should  be 
called  is  the  exceedingly  low  temperature  at  which  the  oleomar- 
garines melted.  They  were  purchased  at  the  end  of  winter  and 
probably  made  to  suit  the  winter  trade.  If  left  in  an  open  dish 
in  the  laboratory  for  a  few  hours  they  became  soft  and  semi- 
fluid. 

In  the  case  of  the  lards  from  various  sources  the  results  are 
somewhat  different  and  are  not  so  distinctive  as  compared  with 
compound  lard,  as  the  butter  and  oleomargarine.  (Table  III.) 
Still  even  here  the  determination  of  the  calories  taken  in  con- 
junction with  other  determinations,  as  the  iodine  absorption, 
will  also  be  of  use.  Should  the  determination  of  the  calories 
show  a  low  figure  one  could  conclude  that  the  lard  was  either  k 
compound  or  a  lard  from  the  caul,  intestines,  or  head  of  the  ani- 
mals, while  the  determination  of  the  iodine  number  and  cotton- 
seed-oil test,  would  show  at  once  whether  the  sample  was  a  lard 
or  a  compound  lard.  The  error  of  experiment  in  calorimetric 
work  is  usually  counted  at  twenty-five  calories  per  gram,  but  by 
careful  work  can  be  made  less  and  a  number  of  experiments  in 
the  same  line  as  the  above,  would  probably  give  data  that  would 
make  the  determination  of  the  calories  of  still  more  practical 
value. 
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TABLE  III. 
Akalvsks  of  Specimens  from  Abhour  &.  Co. 

Combuttloa        CotUm-ittd  oil. 
Melting        lodin-  "  ~     ""- 


Qiulity.              polDt. 

eqnivmlcnt. 

per  gnm. 

te*t 

*rd,  leaf 

5685 

9.61I 

none. 

"      eaulfat  ■■-.   40.0= 

58.61 

9573 

Slightly  darken 

■     intestinaUit  40.7'-" 

54-74 

9.581 

" 

■'      heads 39.5" 

68.79 

9-503 

None. 

mistnre    of 

all  fats 

63.86 

9654 

6557 

9.606 

COillpOUII<t. 

'"grade 

86.16 

9583 

Purple  brown. 

coniponnd. 

lud  grade     

86.57 

9-sy> 

shield   

61  .ot 

9598 

None. 

■■      special  pure  37.5 

63-63 

9.617 

In  a  recent  iiamber  of  this  Joamal.  September,  1895,  Wesson 
has  verj'  carefully  reviewed  the  subject  of  the  determination  of 
the  ioiliue  atv>orption  number  in  pure  and  compound  lards, 
claimiug  th.it  the  figures  heretofore  gi\-en  for  pore  lard  were  too 
low  lor  the  prc:>ent  methods  of  manufacture.  This  point  also 
came  up  for  incidental  consideration  in  connection  with  onr 
other  examinations.  We  secured  two  sets  of  samples  from  Chi- 
caji^- *■■"><  **"l 'I're^-t  irvim  Armour  &  Co.  (Table  III),  with  the 
statement  that  the  samples  irere  what  the  names  indicated.  The 
other  set  oi  samples  was  acwnij-anied  by  a  certificate  from  the 
ins(*irvtvir  testiiyin^  to  the  character  of  the  material  as  forwarded. 

T.VBLE  IV. 
.\N  vt.\Sfi  OK  1_m:?«  from  ARiiorm  ±  Co. 


PnrpI*  bUck. 
No  reaction. 

Pnrple  bUck. 
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TABLE  V. 

Iodine  Cotton-seed-oil.        Combustion  calo- 

Sample.  equivalent.  Becbi's  test.  ries  per  gram. 

Lard  No.  5 58.98  

Lard  Plains 50.49  ••••  9.606 

Cottolene 90.89  Purple  black.  •••• 

In  addition  two  other  samples  of  lard,  one  from  Virginia,  the 
other  from  Rhode  Island,  were  examined.  The  samples  sent 
with  the  inspectors'  certificate  were  freshl}*^  made,  while  the 
other  set  was  older  material.  There  is  a  decided  variation  in 
the  iodine  equivalent  and  in  deciding  upon  the  character  of  the 
lard,  the  origin  of  the  sample  should  undoubtedly  be  taken  into 
consideration.  As  this  is  often  not  possible  a  check  upon  the 
other  results  may  be  secured  by  the  determination  of  the  calories. 

BlOCHBMIC  I.^BORATORY.  WASHINGTON.  D.  C. 

December  i4tli,  1S95. 

Discussion, — Mr.  A.  H.  Sabin  :  I  am  very  decidedl}'  of  the 
opinion  that  in  investigations  as  to  fats  and  oils,  conclusive  and 
satisfactory'  results  can  onl}'  be  obtained  by  a  comparison  of 
methods.  Such  a  method  as  this  seems  to  me  to  be  of  a  good 
deal  of  practical  value  because  it  is  definite  and  positive.  We 
make  a  combustion  in  this  way  and  get  some  results  which  can 
be  depended  upon,  and  which  can  be  verified  ;  and  the  condi- 
tions are  not  difficult  to  duplicate.  While  I  doubt  if  such  a 
method  will  be  of  permanent  value,  because  in  such  matters  the 
ingenuit3'  of  the  manufacturer  is  always  pitted  against  the  skill 
of  the  analyst,  such  a  method  always  has  weight,  and  must  be 
taken  in  conjunction  with  other  methods  which  also  have  weight 
and  which  also  bv  themselves  are  not  conclusive,  but  which 
have  cumulative  effect.  I  am  certain  that  in  regard  to  the 
vegetable  fats  it  is  only  possible  to  arrive  at  just  conclusions 
by  a  comparison  of  methods. 


[COXTRIBUTIOXS   PROM   THE    ChEMIC.\L   LaBORATORV  OF  THE  U.  S.  DE- 

P.A.RTMENT  OF  AGRICULTURE.      NO.  16.] 

note  on  the  use  of  acetylene  gas  as  an  illuml 

naNt  for  polariscopic  work.' 

By  H.  W.  Wiley. 

« 

Received  NovcMil*cr  i^,  1895. 

THROUGH  the  courtesy  of  Prof.  Charles  E.   Munroe,  I  was 
able  to  secure  twenty-five  kilos  of  calcium  carbide  for 

1  Presented  to  the  WaHliington  Section.  Dec.  9,  1895. 


experimental  purposes,  together  with  four  burners.  The  acety- 
lene was  developed  by  the  action  of  water  on  the  calcium  car- 
bide and  conducted  into  a  small  gas  meter  from  which  tt  was 
burned  under  a  pressure  of  water,  the  flame  being  regulated  by 
a  stop-cock.  The  quantity  of  gas  furnished  by  the  calcium  car- 
bide is  illustrated  by  the  following  experiment : 

From  ninety-five  grams  of  carbide  11.5  liters  of  gas  were  ob- 
tained measured  at  a  temperature  of  iS°.  It  is  thus  seen  that 
one  kilo  of  the  calcium  carbide  used  would  furnish  a  little  over 
326  liters  of  gas. 

The  rate  at  which  the  gas  was  burned  for  furnishing  the  illnmt- 
nation  for  the  polariscope  was  measured  and  found  to  be  one 
titer  each  four  minutes,  measured  under  a  pressure  of  thirty 
inches  of  water.  The  actual  pressure  at  which  the  gas  was 
burned  was  very  much  less  than  this,  being  regulated  by  the 
stop-cock.  The  lamp  was  thus  supplied  at  a  rate  of  consump- 
tion amounting  to  fifteen  liters  per  hour. 

The  illumination  produced  by  the  bnming  acetylene  was  used 
with  a  triple  shadow  Schmidt  &  Haensch  double  compensating 
polariscope  and  the  accuracy  of  the  readings  with  the  intensely 
white  light  produced  was  tested  with  standard  quartz  plates. 
Two  of  the  quartz  plates  read  were  standardized  by  the  U.  S. 
Coast  and  Geodetic  Survey,  in  connection  with  this  Division, 
and  four  were  standardized  by  the  Imperial  German  Commis- 
sion of  the  Physical  Institute  at  Berlin.  The  readings,  to  the 
nearest  whole  tenths,  were  as  follows,  at  a  temperature  of  20°, 
which  is  slightly  higher  than  that  at  which  the  quartz  plates 
were  standardized : 

Coast  Survey  tube    92.06  rud    91.1 

9906     ■•       99.1 

•niube  74.45    •■      7S.4 

95-59     "      93* 
'■  100.36     "     100.3 

—91.70    '■  — 91.T 
idinj^  it  is  seen  that  the  light  is  absolutely 
Inst  the  best  standards, 
miination   was  \-er\-   great.     The   field  of 
>y>v  siioived  ail  intense  illuminatioD  even  at 
yet  penuittedot  the  reading  of  the  shadow  at 
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the  neutral  point  with  the  greatest  accuracy.  Three  different 
observers  in  reading  the  quartz  plates  did  not  differ  among 
themselves  more  than  one-tenth  of  a  degree. 

A  test  was  also  made  to  determine  the  relative  possibility  of 
reading  highly  colored  solutions  with  the  acetylene  light  as 
compared  with  the  ordinary  kerosenes  or  gas  illumination  for  the 
polariscope.  A  solution  of  "black  strap  ''  molasses  was  made, 
quite  concentrated,  without  any  clarifying  agent  whatever  other 
than  lead  subacetate.  The  solution  read  in  a  200  and  400  mm. 
tube  gave  a  perfectly  distinct  shadow  with  the  acetylene  light 
permitting  the  reading  to  within  one-tenth  of  a  degree.  With 
the  kerosene  or  lamp  light,  the  field  of  vision  was  almost 
obscured  at  the  neutral  point  and  the  readings  made  by  three 
different  observers  differed  as  much  as  three-tenths  of  a  degree. 
Another  solution  was  made  with  the  same  black  strap  molasses 
without  the  use  of  any  clarifying  agent  other  than  alumina 
cream.  This  was  diluted  to  such  a  degree  as  to  be  distinctly 
read  to  within  one  or  two-tenths  of  a  degree  by  the  acetylene 
light.  When  an  attempt  was  made  to  read  this  same  solution 
by  the  ordinary  source  of  illumination,  it  was  found  that  the 
field  of  vision  was  absolutely  obscured,  no  light  whatever  pass- 
ing through. 

The  results  of  these  observations  show  that  the  acetylene  light 
is  perfectly  reliable  for  polarizing  purposes,  that  it  produces  an 
intense  degree  of  illumination  permitting  of  a  very  delicate  dis- 
tinction between  the  shadow  and  the  illuminated  portions  of^the 
field  of  vision,  and  permits  the  reading  of  solutions  so  highly 
colored  as  to  be  perfectly  opaque  to  the  ordinary  sources  of 
light. 

The  above  results  suggest  also  the  practicability  of  using  the 
acetylene  light  for  microphotographic  purposes  and  for  ordinarj- 
photography,  but  I  have  not  made  any  tests  of  its  actinic  power. 
The  light  can  also  be  used  for  projections.  It  is  to  be  observed 
that  with  the  small  quantity  of  calcium  carbide  obtained,  viz. , 
twenty-five  kilos,  there  would  be  a  sufficiency  for  almost  a  con- 
tinuous polarization  through  a  long  period  of  time.  With  the 
cost  of  the  calcium  carbide  known  the  actual  cost  of  the  light 
could  be  easily  computed.     I  am  ignorant,  however,  of  the  cost 
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of  the  calcium  carbide,  it  having  been  obtained  for  our  use  by 
the  payment  of  the  express  charges  only. 

My  thanks  are  due  to  Messrs.  McEln>y»  Swell,  and  Runyan 
for  assistance  in  the  preparation  of  the  gas  and  in  reading  the 
polariscope. 

INDIRECT  ANALYSIS. 

By  BDWARO  K.  LANDI8. 

IN  investigating  this  subject  the  author  was  struck  with  the 
difference  in  the  formulas  given  in  the  text-books  and  on 
trying  some  of  the  cases  found  the  results  did  not  agree.  Sup- 
posing that  the  old  atomic  weights  used  in  the  formulas  were 
the  cause  of  the  trouble,  it  was  thought  best  to  derive  a  formula 
in  such  a  manner  that  it  would  apply  equally  if  the  present 
weights  should  be  modified,  and  it  is  given  herewith,  trusting 
that  it  may  be  useful  to  many  chemists  in  cases  where  a  separation 
of  the  two  elements  is  difficult  or  tedious. 

It  will  apply  to  any  case  where  the  atomic  weights  of  the  two 
elements  are  not  the  same,  and  the  greater  the  difference 
between  the  atomic  weights  the  greater  the  accuracy.  Unfor- 
tunately, nickel  and  cobalt  cannot  be  determined  in  this  manner, 
but  many  other  elements  can  be.  This  method  is  especially  con- 
venient for  sodium  and  potassium,  and  probably  more  accurate 
than  the  separation  with  platinum  chloride. 

FIRST   METHOD. 

Data  given: 

Weight  of  mixture. 

Weight  of  common  constituent. 

Let  j:  =  weight  of  salt  with  greatest  per  cent,  of  common  con- 
stituent. 

Let^  =  weight  of  salt  with  least  per  cent,  of  common  con- 
stituent. 

I^t  a  =  amount  of  common  constituent  in  one  part  of  x. 

k —       ««        ♦«         <«  <<  t«      II      <«     II  -, 

^/ —  y, 

W^=:  weight  of  mixture. 

ze;  =       *  *     * '  common  constituent. 
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To  find  jr  andy  : 

x+y=  IV,         x=  W—y, 

a{W-y)  +  by  =  w, 
a  IV-^ay-^-iy^zw, 
by — ay'='W — aW, 
{b — a)y=zw — aWy 
w — aW 


y  = 


b  —  a 


w—bW 

X — . 

a — b 

a  —  *  =  difference  of  coefficients  of  x  and  y. 
Therefore,  to  find  x  ory,  multiply  the  weight  of  mixture  by 
the  coefficient  of  the  other  salt.     Find  the  difference  between 
this  and  the  weight  of  common  constituent,  and  divide  this 
result  by  the  difference  of  the  coefficients. 

SECOND   METHOD. 

Same  data  as  before  and  same   symbols,    except  that  here 

a  ^  molecular  weight  of  x. 
b=i         ••  •*       ''y. 

If  all  the  common  constituent  were  combined  with  j^  we  should 
have  a  greater  weight  than  JV,  and  if  combined  with  x  less  than 
W.    In  either  case  call  this  W. 

Then  — x+4-.r=  ^, 
a  b  "^ 


Subtracting  - — -  x=  W—  W, 

_  a{W'—W) 
*~        b—a 
b—a:  lV—lV=a:x. 

Rule. — Calculate  the  weight  if  common  constituent  were  all 
combined  with  one  of  the  salts.  Find  the  difference  between 
this  and  the  weight  of  the  two  salts.  Then  the  difference  of  the 
molecular  weights  is  to  the  difference  found  as  the  molecular 
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weight  of  the  salt  causing  the  difference  is  to  the  amount  of 
that  salt. 

As  an   illustration  let  us  take  two  grams  sodium  chloride 
and  one  gram  potassium  chloride  with  the  following  data  : 

CI  =  35-45 

Na  =  23.05 

K  =  39. 1 1 

KCI=:47.5456  per  cent  chlorine. 

NaCl  =  6o.598     ■" 


«  = 

FIR 

=  3. 
1. 687416, 
0.60598, 
0-473456. 

w—bW     1 
a-b        - 
w—aW 

ST    METHOD. 

X  =  NaCl, 
y  =  KCl, 

[.687416 — 1.426368 

■.8.794 

30524 

—  1. 6874 1 6 

a  —  b  0.130524 

Crookes  gives  the  following  formula  : 

I*et  W=  weight  ol  mixed  chlorides. 
C=       "       "  chlorine. 
NaCl  =  C  X  7-6311  —  WX  3.6288. 
KC1=  1*^4.6288  — CX  7.6311. 
Using  the  data  above  this  gives  NaCl  =  1.9904,  KCl  ^  1.0096. 
The  above  formula  should  read 

NaCl— 7.6311  C  — 3.628S  Wto  be  perfectly  clear,  otherwise 
it  means  that  C  is  multiplied  by  7.631 1.  H^ subtracted  from  the 
protluct  and  the  result  multiplied  by  3.6288,  which  would  not 

Pocket  Book  (3rd  edition)  gives  the  fol- 

[(CX  2.1029)— ir^X  3.6288. 

»w  this  gi\-es  XaCI  =  1.990277  instead  of  2.0. 

SECOND    METHOD. 

KCI. 
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Cl=  1. 687416, 

1. 687416  _^- 

=  3.549047  KCl, 


0.475456 

3.549047  —  3.0  =  0.549047, 

0.549047  XS8.5^J^^C1=  2. 
74.56  —  58.5 

Calculating  CI  to  NaCl. 

i:fHL^  =  2.7846  NaCl. 

0.60598  '     ^ 

3.0  —  2.7846  =0.2154, 

o.2i54X74.56^^Cl=i. 
74.56  —  58.5 

The  author  hopes  that  this  may  prove  the  accuracy  of  the 
method  and  that  it  may  be  extensively  used. 

The  preceeding  applies  to  mixtures  of  two  substances  only  ; 
now  let  us  consider  the  case  of  three.  If  we  have  iodine,  bro- 
mine and  chlorine  in  the  same  liquid,  how  are  we  to  arrive  at 
the  amounts  of  each  ?  We  may  consider  t^'O  cases,  one  given 
in  Woodward's  Chemical  Arithmetic  and  the  other  in  Crookes' 
S^ect  Methods,  the  second  being  exactly  the  opposite  of  the 
first.  Three  equal,  portions  of  a  liquid  containing  chlorine,  bro- 
mine and  iodine  are  taken.  No.  I  is  precipitated  with  silver  nitrate 
and  precipitate  of  silver  iodide,  silver  bromide  and  silver  chloride 
weighed.  No.  2  is  precipitated  in  the  same  manner,  but 
digested  with  potassium  bromide  until  all  chlorine  is  replaced 
by  bromine,  then  weighed.  No.  3  is  likewise  precipitated  and 
digested  with  potassium  iodide  until  entirely  converted  into  sil- 
ver iodide,  then  weighed.  In  Crookes'  example  the  iodine  is 
replaced  by  bromine  and  the  bromine  by  chlorine.  In  the  first 
case  the  weights  increase,  and  in  the  second  they  decrease. 

Now  suppose  we  try  to  derive  a  formula  for  each  of  these 
cases,  beginning  with  Woodward's  and  using  the  same  data  as 
before,  also  Ag  =  108,  I  =  127,  Br  =  80. 

Woodward's  Chemical  Arithmetic. 

Mixture  of  silver  iodide,  silver  chloride  and  silver  bromide. 
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AgI  +  AgBr+AgCl=»', 
Agl  -I-  AgBr+  AgBr  =r  W, 
Agl+Agl  +  Agl  =  >f^'. 

Let  X  =  AgCl,  a  =  molecular  weight. 
y  =  AgBr,  6  = 
*  =  Agl,    e  = 
x-\-y-\-z=  W, 

*  x-\-y-\-g  =  W, 


If  «( 

IC  (( 


a 


x+-^j^  +  g  =  W", 


_    a{W—Hr) 
^—        6— a 

_   b{W"—lV')       b{W—W) 
y  c—h  b—a 

c — 0 

Crookes',  same  data : 

Agl  +  AgBr+  AgCl  =  W, 
AgBr  +  AgBr  +  AgCl  =  W, 
AgCl  +  AgCl  +  AgCl  =  W, 
x-\-y  +  s  =  JV. 


y= 


c—b       ' 
b{W—lV<)      b{W—W^ 
b — a  c — b 


b — a 


FIRST  METHOD. 

Woodward's  Example: 

W=  27.19,  M^'=  30.87,    H^"=  36.83,  a  =143.45,  *=188^ 


^=  235 


• 
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^^  i43>45  X  3-68  ^  _  ^  ^^ 

44.55  * 

188  X  596       188X3.68       ^  .    -,  ,    -, 

j^= —^-^r — ^—  =  8.3105  AgBr=  3.5363  Br, 

47  44.55 

o        5.96  X  188  ^    -  _ 

*=  30.87— -'^     =  7.03  Agl  =  3.799  I. 

47 

Crookes'  Example : 

IV=  15.57,  W^'=  14.69,  and  W=  12.20, 

235  X  0.88  .    _ 

'  =  =  4.4  Agl, 

188X2.49       188X0.88       ,    ^       .    -^ 

^  =  — ^„ TZ^ =  6.9877 -AgBr, 

44.55  47 

X  =  14.69  —  f'^^  =  4. 1823  AgCl. 

44.55 

SECOND  METHOD. 

Woodward's  Example : 

AgCl  +  AgBr+  Agl  =  27.19, 
AgBr  +  AgBr  +  Agl  =  30.87, 
Agl  +  Agl  +  Agl  =  36.83, 
30.87  —  27.19=3.68, 
44.55  :  3.68  =  143-45  :  ^=  "8495  AgCl. 
Now  11.8495  AgCl=  15.5295  AgBr=  19.41187  Agl, 

27.19—11.8495=  15.3405, 
36.83  —  19.41187=  17.41813. 

Therefore  AgBr+  Agl  =  15.3405, 
Agl  +  Agl  =  17.41813, 
17.41813—15.3405=  2.07763, 
47  :  2.07763=  188  :  jr=  8.3105  AgBr. 

Adding  the  AgCl  and  AgBr  thus  found  and  subtracting  their 
ma  from  27.19,  we  get  Agl  =  7.03. 
Comparison  of  results : 

Woodward.  First  method.  Second  method. 

CI 2.92  2.9283  2.9283 

Br 3.5^  35363  3.5363 

1 369  3.799  3.799 
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Crookes'  Example : 

AgCl  +  AgBr  +  Agl  ==  15.57. 
AgCl  +  AgBr -f  AgBr  =  14.69, 
AgCl  +  AgCl  +  AgCl  =  12.20, 
15.57  —  14.69  =  0.88, 
47  :  0.88  =  235  :  Jf  =  4.4  Agl. 

Now  4.4  Agl  =  3.52  AgBr  =  2.68586  AgCl, 

15.57—4.4=  II. 17. 
12.20 —  2.68586=  9.51414. 

Therefore  AgCl  +  AgBr  =11.17, 

AgCl  +  AgCl  =  9.51414, 
11.17  —  9.51414=  1.65586, 

44.55  :  1.65586  =  i88  :  Ar  =  6.9877  AgBr. 
Adding  the  Agl  and  AgBr  thus  found  and  subtracting  their 
sum  from  15.57,  we  get  4.1823  AgCl. 
Comparison  of  results  : 

Crookes.  Pirat  method.  Secoiad  method. 

Agl 4.4  4-4  4.4 

AgBr 6.998  6.9877  6.9877 

AgCl 4.172  4.1823  4.1823 

It  will  readil}'  be  seen  that  the  first  method  requires  less  work 
than  the  second,  and  has  the  advantage  of  giving  any  of  the 
three  without  the  necessity  of  finding  the  others. 

No  origioality  is  claimed  for  the  foregoing,  but  the  matter 
has  been  put  in  such  a  shape  that  it  may  be  applied  to  any  case, 
and  any  atomic  weights  may  be  used,  thus  making  its  applica- 
tion universal.  In  special  cases  it  may  be  condensed  by  finding 
the  factors  by  which  to  multiply  the  weights  directly  instead  of 
multiplying  by  one  number  and  dividing  by  another,  but  it  was 
thought  best  to  give  the  entire  work  as  a  help  to  those  not  con- 
versant with  algebra. 

The  writer  would  like  to  impress  upon  chemists  the  importance 
of  giving  the  atomic  weights  and  factors  used  in  all  calculations, 
so  that  their  figures  may  be  checked  and  errors  avoided.  As  the 
atomic  weights  vary,  important  work  may  be  recalculated  and 
thus  retain  its  value. 


NOTE  ON  THE  MICROSCOPIC  DETECTION  OP  BEEP  PAT 

IN  LARD.' 

By  Thomab  8.  Gladding. 

Received  January  3.  xSgd. 

IN  the  preparation  of  crystals  of  lard  and  beef  stearin  for  micro- 
scopic examination,  I  find  the  following  method  gives 
excellent  results,  the  crystals  being  of  good  size  and  of  distinc- 
tive form.  Dissolve  five  cc.  of  melted  lard  in  a  mixture  of  ten 
cc.  absolute  alcohol  and  five  cc.  ether,  in  a  small  Erlenmeyer 
flask,  heating  gently  if  necessary.  Place  a  plug  of  cotton  in 
the  mouth  of  the  flask  and  allow  to  stand  in  a  cool  place  for  about 
half  an  hour.  The  stearin  crystallizes  out,  the  olein  remaining 
in  solution.  Filter  rapidly  through  a  paper  wet  with  alcohol, 
using  a  filter  pump,  and  wash  crystals  and  paper  once  with  the 
above  alcohol-ether  mixture  (10-5).  Letthe  crystals  dry  in  the 
air  and  remove  them  from  the  paper  to  the  flask.  Dissolve  in 
t^'enty-five  cc.  of  ether,  replace  the  cotton  plug,  and  place  the 
flask  in  a  slanting  position  in  a  large  beaker  (about  one  liter) 
nearly  full  of  water.  Keep  this  in  a  cool  place  over  night.  The 
ether  evaporates  very  slowly  and  the  crystals  of  stearin  are 
gradually  formed  in  the  solution,  the  large  quantity  of  water 
surrounding  the  ether  solution  guarding  against  any  sudden 
change  of  temperature.  For  valuable  plates  giving  characteris- 
tic forms  of  lard  stearin  crystals  and  beef  stearin  crystals  refer- 
ence is  made  to  Bulletin  No.  13,  Part  IV.,  Division  of  Chemis- 
try, U.  S.  Department  of  Agriculture. 


NOTES. 

The  Estimatioti  of  Levulose  in  Honey. — Through  my  negli- 
gence, I  failed  to  call  attention,  on  page  81  of  the  January  num- 
ber, to  the  optical  method  described  by  Allen,  Commercial  Or- 
ganic Analysis,  Vol.  i,  p.  291,  relating  to  the  estimation  of  lev- 
ulose by  changes  in  the  .specific  rotatory  power  due  to  variations 
of  temperature.  H.  W.  Wilrv. 

A  New  Balance  for  First  Year's  Work  in  General  Chemistry, 
—The  little  balance  shown  in  the  cut  was  designed  for  the  use 

1  Read  at  the  Cleveland  incetiuflr,  December  31,  1895. 


of  my  students  in  their  first  year's  laboratory  practice, 
and  has  served  its  purpose  so  well  in  two  large  classes  that  I 
venture  to  call  attention  to  it  in  the  hope  that  others  may  find  in 


it  a  satisfactory  solution  of  the  balance  problem  in  their  schemes 
of  beginners'  laboratory  work. 

It  is  simple,  efficient,  and  not  expensive.  The  posts  and 
beam  are  of  lacquered  brass  ;  the  base  of  iron.  The  length  of 
the  beam  is  twelve  inches.  The  riders  are  of  three  weights, 
equivalent,  when  at  the  first  division  of  the  long  arm,  to  i.ooo, 
o.ioo  and  o.oio  gram  respectively  in  the  pan.  Thus,  in  the  cut, 
the  weight  of  the  crucible  is  t3.23ograms.  The  balance  is  sensi- 
tive to  O.OIO  with  a  load  of  30.000  grams,  and  to  0.005  gram  with 
a  smaller  load.  Adjustment  to  zero  before  weighing  is  effected 
by  means  of  a  nut  at  the  end  of  the  short  arm.  It  may  be 
obtained  of  Messrs.  Richards  &  Co.,  of  New  York. 

JOHM  Tappan  Stoddard. 

NEW  BOOK5. 

•  Analytical  Chemistry.  By  N.  Mbnschutkin,  Profbssor  in  tub 
iiuTuimsiTv  OP  St.  Petessburg.  -TratisUted  from  the  Third  Gernua 
under  the  Superviaion  of  the  Author,  by  James  Locke.  I<oii- 
New  York  :  Macmillan  &  Co.  511  pp.  ,  Price|4.oo. 
gh  the  plan  of  treating  the  whole  subject  of  analytical 
I,  qualitative  and  quantitative,  in  one  volume  has  obvi- 
s,  it  is  nevertheless  something  of  a  novelty,  in  this 
it  least,  and  on  this  and  many  other  accounts  this  trans> 
Professor  Menschutkin's  work  is  very  welcome. 
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It  is  not  a  book  that  can  6e  used  to  the  best  advantage  without 
good  accompanying  and  supplementary  instruction,  and  this  is 
not  because  it  is  incomplete  or  unduly  concise,  but  because  the 
ideals  and  aims  of  the  author  are  high  ones,  and  the  teacher  is 
constantly  needed  to  read  between  the  lines.  Principles  are 
dealt  with  from  the  very  first  to  the  last  and  the  ratumale  of  the 
method  is  the  point  on  which  stress  is  laid.  In  the  first  part  of 
the  preface  the  author  sets  forth  briefly  his  views  as  to  the  value 
of  analytical  work  in  a  course  of  chemical  study.  His  recom- 
mendation that  it  be  not  taken  up  too  early  is  especially  to  be 
commended,  as  is  also  the  plan  of  laying  great  stress  upon  the 
development  of  methods  by  the  student  himself,  a  practice 
alt<^ether  too  uncommon. 

The  first  280  odd  pages  of  the  book  deal  with  qualitative 
anal^is.  In  its  treatment  of  this  difficult  subject  it  differs 
markedly  from  the  majority  of  treatises.  There  are  no  '  *  tables ' ' 
or  *' schemes."  Each  group  of  metals  is  first  carefully  studied 
with  reference  to  its  distinguishing  group  characteristics.  After- 
ward the  special  properties  and  reactions  of  the  individual  mem- 
bers are  taken  up,  and  finally  the  analytical  process  deduced 
bom  the  results.  The  plan  of  frequently  giving  solubilities 
quantitatively  is  a  very  helpful  one.  There  are  a  few  curious 
mistakes ;  for  example,  it  is  stated  on  p.  32  that  potash  alum  is 
less  soluble  than  the  cesium  and  rubidium  alums.  The  chro- 
mium bead  is  spoken  of  as  ^/»^  instead  of  green  (p.  70).  This 
is  evidently  a  slip  of  the  pen,  as  the  color  is  correctly  given  a 
few  lines  further  on.  Again  on  p.  126,  in  describing  the  analy- 
sis of  columbite  and  tantalite,  the  mixture  of  oxides  obtained 
by  fusing  the  mineral  with  acid  potassium  sulphate  and  boiling 
out  with  water  is  said  to  be  treated  with  ammonium  sulphz/^, 
instead  of  sxA'phide.  This,  however,  appears  to  be  a  misprint,  as 
shown  by  the  context.  The  word  oxide  is  frequently  used 
where  hydroxide  is  meant. 

The  remaining  230  pages  are  devoted  to  quantitative  analysis. 
This  part  of  the  book  is  treated  in  three  sections.,  I.  Gravi- 
metric Analysis.  II.  Volumetric  Analysis.  III.  Organic 
Analysis.  In  the  first  section  the  metals  and  metalloids  are  dealt 
with  according  to  the  following  general  plan :  First  the  methods 
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are  given  for  determining  each  individual  of  the  g^np,  then 
the  methods  for  separating  the  different  members  of  the  group 
from  each  other.  This  is  a  better  plan  than  the  more  common 
one  of  giving  all  the  determinations  first  and  afterwards  all  the 
separations. 

The  descriptions  and  directions  are  decidedly  concise,  bat 
sufficient  for  the  needs  of  fairly  advanced  students.  Beginners 
will  need  and  should  in  any  case  have  considerable  supplemen- 
tary instruction.  The  non  metals  are  treated  according  to  the 
same  general  plan.  A  chapter  of  '*  operations  and  examples  " 
follows,  which  might  perhaps  have  been  put  with  more  profit  at 
the  beginning  instead  of  at  the  end  of  the  section. 

Volumetric  analysis  is  taken  up  according  to  the  same  plan  as 
pervades  the  whole  work.  One  very  commendable  thing  about 
this  and  other  parts  of  the  book  is  that  the  student  is  not  bewil* 
dered  by  a  multitude  of  methods,  but  is  simply  made  acquainted 
with  such  as  have  earned  their  right  to  existence.  The  section 
devoted  to  organic  analysis  is  valuable  and  complete. 

.  The  translation  is  fully  up  to  the  average  of  such  work.  It 
reads  for  the  most  part  smoothly  and  at  least  does  not  require 
retranslation  into  English,  which  is  more  than  can  be  said  of 
some  recent  efforts  in  this  line.  Josbph  Torrky,  Jr. 

On  the  DENsrriEs  of  Oxvgbn  and  Hydrogen,  kkd  on  the  Ratio  of 
THEIR  Atomic  Weights.  By  Edward  W.  Mori«ey.  1895 :  Smithson- 
ian Contributions  to  Knowledge.  4*.  Forty  cuts,  zii.,  117  pp. 
Price,  |i.oo. 

The  ratio  between  oxygen  and  hydrogen  is,  to  speak  figura- 
tively, the  base-line  upon  which  our  entire  system  of  atomic 
weights  depends.  But  few  of  the  other  elements  can  be  readily 
compared  with  hydrogen  directly  ;  practically  all  of  them  are 
referred  to  hydrogen  through  the  intervention  of  oxygen  ;  and 
so  the  atomic  weight  of  the  latter  needs  to  be  known  with  the 
utmost  accuracy.  A  small  error  here  becomes  cumulative  when 
introduced  into  the  computation  of  higher  values,  and  in  the 
case  of  uranium  it  is  multiplied  to  fifteen  times  its  original  mag- 
nitude. 

Ten  years  ago  the  atomic  weight  of  oxygen  seemed  to  be 
pretty  well  known,  and  stood  very  nearly  at  15.96.     This,  how- 
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ever,  was  near  enough  to  the  round  number  16  to  suggest  that 
the  di£Ference  might  be  due  to  error,  and  therefore  reinvestiga- 
tion began.  First  came  Cooke  and  Richards,  then  Keiser, 
Noyes,  Rayleigh,  Dittmar  and  Henderson,  and  Leduc.  Of 
these,  Keiser  alone  approximated  to  the  old  value,  finding  O  = 
15.95.  ^U  o^  ^^  others  obtained  results  ranging  from  15.866  to 
15.897,  with  an  outstanding  uncertainty  still  larger  than  could 
long  be  tolerated.  This  uncertainty,  thanks  to  Professor  Morley , 
is  now  thrown  into  the  third  or  fourth  decimal  place,  and  need 
no  longer  be  troublesome. 

The  first  and  second  divisions  of  Morley 's  monograph  relate  to 
the  densities  of  the  two  gases,  and  are  most  elaborate  in  their 
details.  Every  precaution  was  taken  to  insure  the  purity  of 
the  material  used,  the  methods  of  manipulation  were  varied, 
and  every  conceivable  source  of  error  seems  to  have  been  fore- 
seen and  guarded  against. 

For  oxygen,  three  series  of  determinations  are  given.  In  the 
first  series,  the  pressure  and  temperature  of  the  gas  to  be 
weighed  were  determined  by  mercurial  thermometers  and  a 
manobarometer.  In  the  second  series,  pressure  and  tempera- 
ture were  not  observed  for  each  experiment,  but  were  made 
equal  to  the  temperature  and  pressure  of  a  standard  volume  of 
hydrogen,  comparison  being  made  by  means  of  a  differential 
manometer.  In  the  third  series  the  temperature  was  that  of 
melting  ice,  and  pressure  alone  was  observed.  For  the  weight 
of  one  liter  of  oxygen,  at  o^,  760  mm.,  at  sea  level  and  in  lati- 
tude 45**,  the  three  series  give  as  follows,  in  grams  : 

Series  i,    9  experiments,  1.42879  ±  0.000034 
3,15  "  1.42887  ±0.000048 

3,17  *'  1. 4291 7  ±0.000048 

On  experimental  grounds,  Morley  regards  the  third  series  as 
the  best,  and  assigns  it  double  weight.  On  this  basis  the  gen- 
eral mean  becomes 

1 .42900  it  0.000034. 

The  oxygen  used  was  prepared  partly  from  potassium  chlorate, 
and  partly  by  the  electrolysis  of  dilute  sulphuric  acid. 

For  hydrogen,  five  series  of  determinations  were  made.  In 
the  first,  the  manipulations  were  like  those  of  the  first  oxygen 


If 
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series,  with  which  it  was  strictly  parallel.  In  the  second,  the 
weighing  globes  were  surrounded  by  melting  ice,  and  pressore 
was  measured  with  a  siphon  barometer.  In  the  third  series  the 
hydrogen  was  weighed,  not  in  the  globes  where  its  pressure, 
temperature,  and  volume  were  taken,  but  before  its  intioductioii 
into  them.  Globes  having  a  joint  capacity  of  forty-two  liters 
were  connected  together,  for  this  series,  and  the  hydrogen  was 
weighed  in  palladium,  of  which  600  grams  were  used.  The 
fourth  and  fifth  series  resembled  the  third.  The  hydrogen  used 
was  electrolytic.  The  results  are  subjoined,  for  the  weight  of 
one  liter  of  hydrogen,  in  grams : 


Series  i.  15  experiments,  0.08995S  ±  0.000007 

2,  19  **  0.089970  ±0.000011 

3,  8  "  0.089886  ±  0.0000049 
4»  6  *'  0.089880  ±  0.0000088 
5,  II            '*            0.089866  ±  0.0000034 


<< 
It 
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In  series  i  and  2,  which  Morley  rejects,  the  hydrogen  may 
have  been  contaminated  by  traces  of  mercurial  vapor.  In  the 
remaining  series  that  impurity  was  not  present  in  the  weighing 
of  the  gas,  and  exerts  no  influence  upon  the  final  result. 
Furthermore,  in  these  series,  stop-cocks  were  not  used,  and  the 
connections  were  made  by  fusing  the  glass  tubes  into  an 
unbroken  continuity.     The  mean  of  series  4,  5,  and  6  is 

0.089873  ±  0.0000027, 

and  this  is  undoubtedly  the  best  value  yet  found  for  the  weight 
of  a  liter  of  hydrogen.  Dividing  this  into  the  weight  of  oxy- 
gen, we  have  as  the  ratio  of  densities, 

O  =  15.9002. 

In  order  to  derive  from  this  value  the  atomic  weight  of  oxygen, 
the  volumetric  composition  of  water  must  be  known.  This  sub- 
ject forms  the  third  part  of  Morley* s  memoir.  He  decomposed 
water  by  electrolysis,  determined  the  density  of  the  electrolytic 
mixed  gases,  and  from  that  calculated  the  datum  sought.  The 
result  is  that  in  water,  hydrogen  and  oxygen  are  combined  in 
the  ratio  by  volume  of 

2.00269  •  !• 
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Applying  this  ratio  to  the  correction  of  the  density  ratio,  we 
have 

0=  15.879, 

for  the  atomic  weight  of  oxygen  as  given  by  the  density 
method. 

In  the  fourth  part  of  the  memoir  Morley  describes  his  gravi- 
metric syntheses  of  water,  which  are  the  first  really  complete  syn- 
theses yet  recorded.  That  is,  nothing  is  taken  by  difference  ;  hy- 
drogen was  weighed,  oxygen  was  weighed,  and  the  water  formed 
was  weighed,  and  all  directly.  By  weighing  the  hydrogen  in  palla- 
dium, over  three  and  eight-tenths  grams  could  be  taken  in  one 
experiment,  a  quantity  which  would  be  unmanageable  in  any 
attempt  to  weigh  it  in  globes.  Globes,  however,  were  used  for 
weighing  the  heavier  oxygen  ;  and  the  two  gases  were  caused 
to  combine  by  sparking  in  a  suitable  combustion  apparatus. 
After  combustion  was  complete,  the  apparatus  containing  the 
water  was  weighed,  and  the  residual  excess  of  gases  left 
unburned  was  analyzed.  The  use  of  stop-cocks,  in  transferring 
the  gases  to  the  combustion  apparatus,  was  completely  avoided. 
Errors  due  to  leakages,  therefore,  did  not  occur. 

In  all,  twelve  syntheses  were  made.  Each  one  gives  two 
values  for  the  atomic  weight  of  oxygen,  except  in  one  case, 
when  the  apparatus  was  broken.  One  value  is  derived  from 
the  weights  of  hydrogen  and  oxygen,  the  other  from  the  weights 
of  hydrogen  and  water.     They  are  as  follows  : 

H  :  O.  H  :  H,0. 

15.878  15-877 

15.881  15.878 

15.878  15-873 

15.880  lost 

15-877  »5.88i 

15.877  15.876 

15.877  15.875 

15.878  15-879 

15.879  15-881 
15.881  15.883 
15.881  15.883 
15.883  15.878 

Mean,   158792  158785 
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The  average  of  these  two  means  is  15.87885,  a  result  practic- 
ally identical  with  that  derived  from  thegaseous  densities.  The 
value,  15.879,  then,  is  to  be  taken  as  the  nearest  approxima- 
tion to  the  true  atomic  weight  of  oxygen,  and  this,  for  ordinary 
purposes,  may  be  rounded  off  to  15.88. 

It  is  hard  to  express  on  opinion  concerning  this  great  investi- 
gation, without  seeming  to  be  extravagant.  In  thoroughness, 
foresight,  and  manipulative  skill  it  stands  in  the  very  front  rank 
of  chemical  investigations,  and  on  the  same  plane  with  the 
classical  researches  of  Stas.  In  short,  it  is  doubtful  whether 
any  better  work  of  its  kind  has  ever  been  published,  and  it  has 
very  few  peers.  To  fully  appreciate  the  memoir  it  must  be 
studied  in  detail  and  at  first  hand  ;  even  Morley's  own  abstracts 
in  various  chemical  journals  fail  to  give  an  adequate  impression 
of  the  magnitude  of  his  achievement.  The  paper  may  at  once 
take  its  place  among  **  the  classics  of  the  exact  sciences." 

F.  W.  Clarke. 
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To  tke  Members  of  the  American  Chemical  Society  : 

YOUR  committee  upon  atomic  weights  respectfully  submits 
the  following  report,  summarizing  the  work  done  in  this 
branch  of  chemistry  during  1895,  a  year  which  may  be  well 
called  eventful  in  the  history  of  the  science.  Two  new  elements, 
argon  and  helium,  have  been  made  known  to  the  world,  and 
from  the  most  unexpected  sources  ;  the  collective  works  of  Stas 
have  been  published  by  the  Belgian  Academy,  as  a  monument 
to  his  memory ;  Prof.  Morley's  great  research  upon  oxygen  is 
at  last  finished  ;  and  a  goodly  number  of  other  important  deter- 
minations have  appeared.  Incidentally,  but  pertinently,  I  may 
also  call  attention  to  the  Marignac  memorial  lecture  by  Cleve,' 
in  which  the  atomic  weight  researches  of  the  former  chemist  are 
well  outlined ;  and  to  the  extraordinary  number  of  papers  upon 
the  periodic  law,  which  have  been  called  out  by  the  discovery 
of  argon  and  helium.  These  papers  fall  outside  the  scope  of 
this  report,  and  they  are  numerous  enough  to  almost  warrant  a 
bibliography  of  their  own. 

The  H:  O  ratio, — Prof.  Morley*s  work  upon  this  fundamental 
constant  has  been  published  in  full  by  the  Smithsonian  Insti- 

^  Read  tt  the  ClereUnd  Meeting,  December  31, 1893. 
*y.  Cham,  Soe.^  June,  1895. 
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tube,'  and  divides  itself  aotttrally  into  four  parts  :  First,  the 
duMity  of  oxT^en ;  —■"—',  dut  oi  IiTdtogen  ;  third,  the  voinm- 
etric  ctiamuaition  at  watei ;  and  fbtntb,  its  gravimetric  synthe- 

For  the  denaitji  at  oxygen,  or  ixther  the  weight  of  one  liter  at 
o",  760  mm.,  at  sea.  level  and  in  Utitnde  45°,  three  sets  of  meas- 
nmneitta  are  given,  with  the  iollowing  meanvalnes  tn  grams  : 

Serieat 1.43879  ±  0.000034 

"    a t. 43887  ±  0.000048 

"    3 I.419I7  ±  0.000048 

As  the  third  series,  on  experiraental  grounds,  is  regarded   by 
Mortcy  as  the  best,  he  assigns  it  double  weight,   and  on  this 
basis  the  geoenj  mean  tA  all  three  becomes 
1 .43900  ±  0.000034. 
For  the  weight  of  a  liter  of  hydrogen,  under  similar  standard 
conditions,  five  series  of  determinations  are  given,  as  follows  : 

SeriMi 0.0S9938 

"    > 0.089970 

"    3 0.08^86  ±  0.0000049 

"    4 0.089880  ±  0-0Q00088 

"    5 0.089866  ±  0.0000034 

The  hydrogen  of  the  first  and  second  series  was  probably  con- 
taminated by  traces  of  mercurial  vapor,  and  these  results  are 
therefore  rejected  by  Morley.  For  the  third,  fourth  and  fifth 
•eries  the  electrolytic  gas  was  occluded  in  palladium  and 
transferred  to  the  measuriug  glot>es  without  the  intervention  of 
fttrrp-coclcH ;  thus  avoiding  contact  with  mercury  and  leakages 
tii  external  air      Their  general  mean  is 

0.089873  ±  0.0000027. 
Divj<]ing  the  weight  found  for  oxygen  by  this  value  for  hydro- 
dPti  the  ratio  becomes 

15.9002. 
netric  ratio   O  :  2H,    Morley   finds  the    value 

of  KnyKCU  *Dd  HrdrDgen.  ■!■■]  an  thr  Rmtio  of  their  Atomic 
I  W.  Morley.  SmlthnmUn  ContribuHonitoKsowledcc.  iSge-  4tai. 
AbltncIln.4M.  OM.y.,17,  )fi7,  (Kimvlmctiic):  utdZltdtr.  fjt„. 
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1 :  3.00369.     Appl3ring  this  as  a  correction  to  the  density  ratio, 
we  have  for  the  atomic  weight  of  oxygen 

O  =  15.879. 

In  his  synthesis  of  water  Morley  differs  from  all  of  his  prede- 
<^€S8orsin  that  he  weighed  both  constituents  separately,  and  also 
the  water  formed.  In  other  words,  his  syntheses  are  com- 
plete, and  take  nothing  for  granted.  The  weights  in  grams, 
*^  as  follows : 

O  used.  H  uied.  Water  found. 

1 25-9176  5»2645  39.1788 

2 - 25.8531  3-2559  29.1052 

3 t 30-3210  3.8193  34.1389 

4 30.5394  3.8450  Lost. 

5 30.4700  3.8382  34.3151 

^ 30.5818  3.8523  34.4327 

7 30.4013  3.8297  34.2284 

8 30.3966  3.8286  34.2261 

9 30.3497  3.8225  34.1742 

'^ 30.3479  3.8220  34.1743 

" 29.8865  3.7637  33.6540 

'2 30.3429  3.8211  34.1559 

^rom  these  data,  two  sets  of  values  for  the  atomic  weight  of 
^ygen  are  derivable  ;  one  from  the  ratio  H  :  O,  the  other  from 
™«  ratio  H :  H,0.     These  sets  are  subjoined. 

H  :  O.        H  :  U«0. 

' 15.878        15.877 

2 15.881        15.878 

^ 15.878        15.873 

^ 15.880         

I 15.877        15.881 

15.877        15.876 

7 15-877     15.875 

% 15.878  15.879 

9 15.879  15.881 

10 15.881  15.883 

II 15.881  15.883 

12 15.882  15.878 

Mean 158792  15.8785 

Prom  the  density  work  the  value  found  was  15.879,  and  the 
mean  of  this  with  the  two  synthetic  results  is 

0=  15.8789. 


Hence,  far  all  pnctical  piiipoaes  (be  atomic  wdgbt  of  oxygen 
asr  be  pot  at  15.88,  witk  an  imcertaiatj  of  less  than  one  nnit 
m  the  accond  decimal. 

It  is  impracticable,  in  a  report  of  this  kind,  to  go  into  tbe 
details  of  so  elaborate  an  investigation  as  this  of  Horley's,  anda 
bare  statement  of  results  most  suffice.  Tbe  research,  however, 
in  one  of  tbe  most  perfefrt  of  its  kind,  every  source  of  error  hav- 
inf(  been  considered  and  guarded  against,  and  it  will  doubtless 
take  its  place  in  chemical  literature  as  a  classic.  Indepen- 
dently of  its  main  purpose,  tbe  book  is  almost  a  manual  on  the 
art  of  weighing  and  measuring  gases,  and  no  experimenter  who 
engages  upon  work  of  that  kind  can  afford  to  overlook  it. 

More  recently  still,  a  new  detennination  of  the  atomic  weight 
of  Oxygen  has  been  published  by  Julius  Thomsen,'  whose 
method  is  quite  novel.  First,  aluminum,  in  weighed  quantities, 
was  dissolved  in  caustic  potash  solution.  In  one  set  of  experi- 
ment.'i  the  apparatus  was  so  constructed  that  the  hydrogen 
evolved  was  dried  and  then  expelled.  The  loss  of  weight  of  tbe 
apparatus  gave  the  weight  of  the  hydrogen  so  liberated.  In  the 
second  set  of  experiments  the  hydrogen  passed  into  a  combustion 
chamber  in  which  it  was  burned  with  oxygen,  the  water  being 
retained.  The  increase  in  weight  of  this  apparatus  gave  tbe 
weight  of  oxygen  so  taken  up.  The  two  series,  reduced  to  the 
Ktandard  of  a  unit  weight  of  aluminum,  gave  the  ratio  between 
oxygen  and  hydrogen, 

Tlie  results  of  the  two  series,  reduced  to  a  vacuum  and  stated 
an  ratios,  are  as  follows  : 

weight  o!H.  Weight  of  O. 

'■  Weight  of  Al.  ''^""''•Weightof  AI. 

Flrtl.  SecoDd. 

-  -iBo  0.88788 

'7S  0.88799 

194  0.88774 

»05  0.8S779 

189  0.8878s 
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Second. 
0.88773 
0.88798 
0.88785 


First 

O.III90 

O.I I 182 

O.II204 

O.I  1 302 

O.II2G4 

O.I I 179 

O.I I 178 

O.I  1202 

O.III88 

O.III86 

O.I  1 185 

O.III90 

O.I  1 187 

0.88787  ±  0.000018 


o.iii9o±  0.000015. 

Dividing  the  mean  of  the  second  column  by  the  mean  of  the 
first,  we  have  for  the  equivalent  of  oxygen : 

0.88787^10.000018 

^— H =  7.9345  ±0.0011. 

o.  II  iQOi  0.000015       ' 

.Hence,  0=  15.8690^0.0022. 

The  details  of  the  investigation  are  somewhat  complicated, 
and  involve  various  corrections  which  need  not  be  considered 
here.  The  result  as  stated,  includes  all  corrections  and  is  evi- 
dently good.  The  ratios,  however,  cannot  be  reversed  and  used 
for  measuring  the  atomic  weight  of  aluminum,  because  the  metal 
employed  was  not  absolutely  pure. 

The  Stas  Memorial, — As  a  monument  to  the  memory  of  the 
late  Jean  Servias  Stas,  more  appropriate  than  statue  or  column  of 
stone,  the  Belgian  Academy  has  published  his  collected  works 
in  three  superb  quarto  volumes.*  All  of  his  great  investigations 
are  here  gathered  together,  and  in  the  third  volume,  entitled 
"Oeuvres  Posthumes,**  some  hitherto  unpublished  data  are 
given  for  the  important  ratio  between  potassium  chloride  and 
silver.  These  data  are  represented  by  two  series:  one  made 
with  a  uniform  sample  of  silver,  and  chloride  from  various 
sources ;  the  other  with  constant  chloride,  but  with  silver  of 
diverse  origin ;  the  aim  being  to  establish  experimentally  the 
fixed  character  of  each  substance.     The  first  series  is  complete ; 

^  Jetn  Servias  stas.  Oeurvcs  Completes.    Edited  by  W.  Spriug:.    Bruxelles.  XS94. 
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of  the  second  series  only  one  experiment  was  found  recorded 
among  Stos'  papers. 

The  quantity  of  potassium  chloride  equivaJent  to  lOO  parts  of 
silver  was  found  to  be  as  follows  : 

69.1336 
69.1334 
69.1344 
69.1935 
69.1938 
69.1319 
69.191 1 
69.1319 
69-1349 
69.13^ 
69.1335 
69.1111 

Meui  of  fint  •eriea  69. 1 119 

S«condMries  69.1140 

These  results  give  an  effective  confirmation  to  Stas'  detenni- 
nations  of  tSfta. 

C»h*U. — The  atomic  weight  of  cobalt  has  been  redetermined 
by  Thiele.'  First,  carefully  purified  oxide  of  cobalt,  CoO,  was 
reduced  in  hydrogen.     The  weight  and  resnlts  are  as  follows : 


0.9D068  0.34439  58>Su 

0.79159  O.JI44S  5*-9'* 

1.31358  o-.\S7i6  58-788 

Mwi  58.848 

Reduced  to  vacuum  standards  this  becomes 
Co  =58.826, 
when  O  =  15-96- 

In  a  second  method  metallic  cobalt  was  disaotved  in  hydro- 
chloric acid,  and  the  solution  evaporated  to  dryness  with  ^ledal 
[dust.     The  chloride  tims  obtained  was  then 
tieam  of  pure  gaseous  hydrtxdilonc  acid,  so 
iM  not  be  fonned.     Fnm  the  w«iglit  of  cobalt 
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and  of  cobalt  chloride  the  ratio  Co: CI,  is  determined.  The 
chlorine  was  afterwards  re-estimated  as  silver  chloride,  giving 
the  ratio  Co  :  lAgCl.     The  weights  are  subjoined : 

Co  Uken.  CI  taken  op.  AgCL 

0.7010  0.8453  

0.3138  0.3793  

0.2949                                           0.3562  1.4340 

0.4691                                           0.5657  2.2812 

0.5818  '     0.7026  2.8303 

0.5763                                           0.6947  ..... 

0.5096                                           0.6142  2.4813 

Hence,  with  Cl=  35.37,  and  Ag  =  107.66,  Co  = 

Co:Cl,.                                                                                                         Co:3AffCl. 
58.66  

58.52  

58.57  58.828 
58.66  58.825 

58.58  58.803 

58.68  

58.69  58.750 

Mean  58  64  Mean,  58.801 

The  second  column  is  subject  to  a  small  correction  for  dis- 
solved silver  chloride,  which  reduces  the  mean  to  Co  =  58.770. 
Reduced  to  a  vacuum  this  becomes  58.765,  and  the  value  from 
the  Co  :  CI,  ratio  becomes  58.61.  Thiele  regards  Co  =  58.765 
as  the  most  probable  value  to  be  derived  from  his  experiments. 
This  becomes 

With  O  =  16,  Co  =  58.912 

*•     0=  15.88,  Co  =  58.470. 

In  my  report  for  1894  I  gave  Winkler's  work  on  cobalt  and 
nickel,  which  involved  their  ratios  to  iodine.  In  a  siipplemen- 
tary  paper  Winkler'  gives  some  similar  experiments  with  iron, 
intended  to  show  that  errors  due  to  metallic  occlusion  of  hydro- 
gen are  absent  from  his  determinations.  He  succeeds  in  prov- 
ing that  such  errors,  if  they  exist,  must  be  very  small.  Thiele 
also  considered  their  possibility,  and  guarded  against  them  in 
the  preparation  of  his  cobalt. 

Znc, — Atomic  weights  redetermined  by  Richards  and  Rogers,' 

^Zhckr.  anorg,  Ckem.^  S,  391. 

>  Ztskhr.  anorg.  ClUm,^  10,  i.  Calcnlations  made  with  O  =  16,  Ag  =  io7.99«  and  Br  s: 
7^^955. 
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who  used  the  bromide  method.  Zinc  bromide,  carefully  puri- 
fied, was  treated  gravimetrically  with  standard  silver  solution. 
The  weights  and  results  are  subjoined  : 

First,  ZnBr, :  2AgBr. 


ZnBrf  AgBr. 

1. 69616  2.82805 

1. 98198  3.30450 

1.70920  2.84549 

2.35079  3.91941 

2.66078  4.43751 


Atomic  weight  of  Zn. 

65469 
65.470 

65.487 

65.470 
65.400 


ZnBr,. 
2.33882 
1. 97142 

2.14985 
2.00966 


ZnBr«. 
2.33882 
1.97142 
2.14985 
2.00966 


follows : 

ZuBrs 

6.23833 
5.26449 
936283 


ZnBr,. 

2.65847 

2.30939 
5.26449 


Mean,    65.459 

Second,  same 

ratio. 

AgBr. 

3.90067 
3.28742 

3.58539 
3.35074 

Atomic  weight  of  Zn. 
65.400 

65.434 
65.402 

65.463 
Mean,    65.425 

Third,  ZnBr,  : 

Ag,. 

Ag. 

2.24063 
1.88837' 
2.05971 
1.92476 

Atomic  weight  of  Zn. 
65.409 
65.444 
65.396 
65.472 

Mean,     65.430 

^ries  of  data  are  ^ 

g^iven  by  Richards  alone,  as 

First,  ZnBr, : 

Ag.. 

Ag. 

5.9766 

5.0436 
8.9702 

Atomic  weight  of  Zn. 
65.403 
65.404 
65.392 

Second,  ZnBr, : 

2AgBr. 

Mean,    65.402 

AgBr. 

4.43358 

3.85149 
8.77992 

Atomic  weight  of  Zn. 
65.410 

65.404 
65.404 

Mean,  65.406 
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The  final  mean  adopted  by  Richards  is  65.404.     WithO  = 

15.88  this  becomes 

Zn  =  64.913. 

Cadmium, — Mr.Bucher's  paper,  ^  as  its  title  indicates,  is  a  stud  j 
of  methods  rather  than  a  final  determination  of  atomic  weight ; 
but  the  results  recorded  in  it  compare  well  with  those  reached 
by  others.  His  starting  point  is  metallic  cadmium,  purified  by 
nine  distillations  in  vacuo,  and  from  this  material,  with  pure 
reagents,  his  various  preparations  were  made.  Vacuum  weights 
are  given,  and  the  antecedent  values  used  in  calculation  are  O, 
16;  S,  32.059;  C,  12.003;  CI,  35-45 ;  Br,  79.95;  andAg,  107.93. 

First,  cadmium  oxalate,  dried  for  fifty  hours  at  150^,  was 
decomposed  by  heat,  and  so  reduced  to  oxide.  The  variations 
are  mainly  attributed  to  imperfect  dehydration  of  the  oxalate. 
Weights  and  results  are  as  follows: 

Oxalate.  Oxide.  Atomic  weight  of  Cd. 

1.97674  1.26474  III -74 


94912 
97686 
87099 
37550 

33313 
94450 
01846 


1.24682 
1.25886 

1. 19675 
0.87994 
0.85308 

1.24452 
1. 292 10 


III.83 
III.85 
ZII.81 
III.86 
111.96 
112.02 
112.09 


Mean,     11 1.89 

Second,   cadmium  oxalate  was  transformed  to  sulphide   by 
heating  in  a  stream  of  hydrogen  sulphide.     The  data  are  : 

Oxalate.  Sulphide.                              Atomic  weight  of  Cd. 

2.56319  1. 84716  '                                      112.25 

2,18364  1. 57341                                              1 1 2. 19 

2.II643  1.52462                                             112.03 

3.I3IO5  2.25582                                                 II2.I2 

Mean,    112.15 
Third,  cadmium  chloride,  dried  at  300**  in  a  stream  of  dry, 
gaseous  hydrochloric  acid,  was  precipitated  by  silver  nitrate, 
and  the  silver  chloride  was  collected  with  all  necessary  precau- 
tions.   The  weights  and  results  are  subjoined  : 

1  "An  examination  of  some  methods  employed  in  determining  the  atomic  weight  of 
cadaiam."  By  John  B.  Bucher.  Johns  Hopkins  University  doctoral  dissertation.  Bal- 
timore (Priedenwald),  1895. 
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AgCl. 

Atomic  weight  of 

4.83856 

"2.34 

353854 

"2.33 

2. 1 243 1 

112.32 

3.21727 

112.34 

2.97041 

1 12.31 

5.48473 

112.28 

4.23087 

112.30 

6.63598 

112.44 

5.32314 

112-37 

7.20386 

112.47 

3.76715 

112.42 

3.42724 

112.46 

4.45477 

112.32 

4.0165 1 

1 12.41 

361370 

112.41 

1.95652 

112.32 

3.06541 

112.47 

3.59391 

"2.45 

3.0381 1 

112.42 

1.73547 

112.47 

2.55016 

112.48 

CdCl,. 
309183 

2.26100 

1.35729 
2.05582 

1.89774 

3.50367 
2.70292 

4.24276 

3.40200 

4.60659 

2.40832 

2.I9144 

2.84628 

2.56748 

2.31003 

1.25008 

I. 9601 5 
2.29787 
1.94227 
1. 10976 
1.63080 

Mean,  112.39 

Fourth,  cadmium' bromide  was  analyzed  in  mucli  the  same 
way  as  the  chloride.     The  weights  and  results  are  as  follows  : 

CdBrt.  AgBr,  Atomic  weight  of  Cd. 

4.39941  6.07204  112.35 

3.18030  4.38831  112.42 

3-60336  4.97150  112.45 

4.04240  5.58062  112.29 

3-60505  4-97519  112.38 

Mean,  112.38 

Fifth,  cadmium  sulphate  was  formed  by  synthesis  from  metal- 
lic cadmium.  1.15781  grams  cadmium  gave  2.14776  cadmium 
sulphate.  Hence  Cd  =  112.35.  As  any  impurity  in  the  sul- 
phate would  tend  to  lower  the  atomic  weight  found,  this  is  prob- 
ably a  minimum  value. 

Sixth,  metallic  cadmium  was  converted  into  oxide  by  solution 
in  nitric  acid  and  ignition  of  the  nitrate.  The  ignition  was  per- 
formed in  double  crucibles,  both  porcelain  in  experiments  i  and 
2,  the  inner  one  of  platinum  in  the  rest  of  the  series.  Weights 
and  results  as  follows  : 


Mean,- 

112.08 

1.27247 

ZII.84 

I.I7Q54 

11Z.91 

3.21152 

111.87 
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Cd.                                                 CdO.  Atomic  weight  of  Cd. 

I.26148                                          I.44144  ZI2.I2 

0-997^5                                      X  •40135  112.04 


1.11321 
1. 0241 2 
2.80966 

Mean,  11 1.87 

In  this  case  additional  experiments  were  made  to  discover  the 
sources  of  error,  leading  to  corrections  which  bring  the  results 
near  to  those  found  in  the  chloride  and  bromide  series.  Each 
of  the  methods  is  quite  fully  discussed,  and  the  sources  of  error 
are  noted.  With  O  =  16,  1 12.39  seems  to  be  a  close  approxima- 
tion to  the  true  atomic  weight  of  cadmium. 

Molybdenum, — Seubert  and  Pollard/  by  two  distinct  methods, 
have  redetermined  the  atomic  weight  of  this  element.  First, 
molybdenum  trioxide  was  dissolved,  in  weighed  quantities,  in  a 
standard  solution  of  caustic  soda.  The  excess  of  soda  was  then 
measured  by  titration  with  standard  sulphuric  acid  and  lime 
water.  In  another  set  of  experiments  the  volumetric  value  of 
the  caustic  soda  had  been  estimated  with  standard  hydrochloric 
acid,  while  the  last  compound  had  also  been  determined  gravi- 
metrically  in  terms  of  silver  chloride.  Hence  the  data,  all  con- 
sidered together,  give  from  their  true  end  terms,  the  ratio 
MoO, :  2  AgCl,  although  in  a  very  indirect  manner ;  and  for  this 
indirection  the  authors  give  good  reasons.  The  weights  and 
results,  considering  only  the  end  terms,  are  as  follows  : 

3.6002 

3-59«5 

3.73" 
3.8668 

3-9361 
3.8986 

39630 
3-9554 
3.9U7 
3-8543 
3.9367 

Mean,  95-732 

1  Ztachr,  anorg*  Chem.,  t,  434.  Calculations  on  the  basis  of  O  ss  15.96. 


AgCl. 

Atomic  wciffht  of  Mo. 

7.1709 

95.734 

7.1569 

95.708 

7.4304 

95.757 

7.7OII 

95.749 

7.8407 

95.720 

7.7649 

95.740 

7.8941 

95.723 

7.8806 

95.694 

7.7999 

95.686 

7.6767 

95.740 

7.8437 

9,S.688 

Mo. 

Atomic  weijcfat  of  Mo 

I.202I 

95.736 

1. 1564 

95.777 

2.6275 

95.756 

1. 0160 

95.741 

2.7027 

95-813 
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Reduced  to  vacuum  standards  this  becomes  Mo  =  95.729. 
With  O  =  16,  Mo  =  95.969  ;  and  with  O  =  15.88,  Mo  =  95.249, 

Another  series  of  determinations,  in  confirmation  of  the  first, 
was  made  by  the  old  method  of  reducing  molybdenum  trioxide 
in  hydrogen.     The  weights  and  results  are  subjoined  : 

MoOf. 
1.8033 

1.7345 
3-9413 
X.5241 
4.0533 

Mean,  95.765 

Reduced  to  vacuum.  Mo  =  95.735,  a  value  very  close  to  the 
other.  When  O  =  16,  the  atomic  weight  of  molybdenum  is  very 
near  the  even  number  96. 

Tellurium, — The  determinations  of  atomic  weight  by  Staud- 
enmeier'  all  start  out  from  telluric  acid,  H,Te0^.2H,0,  which 
had  been  purified  by  repeated  crystallization.  Two  essentially 
different  methods  were  adopted.  First,  telluric  acid  was  dehy- 
drated, and  reduced  to  TeO,  by  heating.  Secondly,  telluric 
acid  was  reduced  by  heating  in  hydrogen  to  metallic  tellurium, 
finely  divided  silver  being  mixed  with  the  acid  to  retain  the  tel- 
lurium by  preventing  volatilization.  In  four  experiments,  TeO, 
was  reduced  to  Te  in  the  same  manner.  The  weights  and  results 
may  be  classified  as  follows,  for  convenience  of  comparison  : 

TcO, :  Tc. 


TcO,. 

Loss  on  reduction. 

Atomic  weight  of  Te. 

O.9171 

0.1839 

127.6 

1. 972 1 

0.3951 

127.7 

2.41 15 

0.4835 

127.6 

I.OI72 

0.2041 

"7.5 

Telluric  Acid  : 

;  TeO,. 

Telluric  Acid. 

Loss. 

Atomic  weight  of  Te. 

1. 7218 

0.5260 

127.2 

2.8402 

0.8676 

127.I 

4.0998 

1.2528 

127.I 

3.0916 

0.9450 

127.05 

1. 1 138 

0.3405 

127.0 

4.9843 

1.5236 

127.05 

4.6716 

1.4278 

127. 1 

^Ztschr.  anorg'  Chem.y 

.  10, 189. 

Calculations  based  upon  O 

=  16  and  H  ss  X.0033. 
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TELifURic  Acid  :  Te. 

Telluric  acid.  I/ms.  Atomic  weight  of  Tc. 

1.2299  0.5471  127.3 

I.OI75  0.4526  127.3 

2.5946  1. 1549  "7.2 

There  is  a  good  discussion  in  the  paper  as  to  the  possible 
causes  of  error  in  these  determinations,  and  also  concerning  the 
place  of  tellurium  in  the  periodic  system.  Staudenmeier 
upholds  the  homogeneity  of  tellurium  as  an  element,  as  against 
the  supposition  that.it  is  a  mixture. 

Some  years  ago  Brauner,  in  an  elaborate  paper  upon  tellurium, 
sought  to  show  that  the  ordinary  element  was  a  mixture  of  true 
tellurium  with  a  higher  homologue  of  atomic  weight  214.  He 
now*  concludes  that  this  is  very  improbable,  and  suggests  that 
tellurium  may  contain  a  homologue  of  argon,  of  atomic  weight 
130.  For  this  supposition  no  evidence  is  given  apart  from  the 
abnormality  of  the  atomic  weight,  which  should  fall  below  that 
of  iodine. 

Yttrium. — ^The  atomic  weight  of  this  metal  has  been  redeter- 
mined by  Jones,*  who  starts  out  with  material  purified  by  Row- 
land's process,  that  is,  by  precipitation  with  potassium  ferrocy- 
anide.  First,  oxid«  wai  converted  into  sulphate  ;  and  secondly, 
sulphate  was  transformed  to  oxide  by  calcination.  The  weights 
and  results  were  as  follows : 


First  Method. 

Y*0,. 

Y,(S04),. 

Atomic  weight  of  Y 

0.2415 

0.4984 

88.89 

0.41 12 

0.8485 

88.92 

0.2238 

0.4617 

88.97 

0.3334 

0.6879 

88.94 

0.3408 

0.7033 

88.90 

0.3418 

0.7049 

89.05 

0.2810 

0.5798 

88.94 

0.3718 

0.7803 

88.89 

0.4379 

0.9032 

89.02 

O.479B 

0.9901 

88.91 

Mean,  88.94 

^J.  Ckem,  Soc.,  67,  549. 
*Am.  Ckem.J,,  17,  254.    Calculations  made  with  O  =  16,  and  S 2=  32.06. 
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Second  Method. 

V,(S04),. 

Y.O,. 

0.5906 

0.3862 

0.4918 

0.2383 

0.5579 

0.2705 

0.6430 

0.3117 

0.6953 

0.3369 

I.4I92 

0.6880 

0.8307 

0.4027 

0.7980 

0.3869 

0.8538. 

0.4139 

1. 1890 

0.5763 

Atomic  weight  of  Y. 
88.91 


88.89 

89.03 
88.99 
88.89 

88.99 

88.99 
89.02 

88.99 
88.96 

Mean,  88.97 

These  determinations  are  probably  the  best  hitherto  made, 
although  they  have  been  briefly  criticized  bj'  Delafontaine,* 
who  prefers  the  lower  value  obtained  by  himself,  Y  =  87.3. 
Delafontaine  reaffirms  the  existence  of  phillipium,  and  regards 
gadolinium  as  identical  with  decipium.  Jones,'  in  a  brief 
rejoinder  defends  his  own  work,  and  urges  that  Delafontaine  has 
failed  to  show  wherein  it  is  defective. 

The  Cerite  Earths: — Papers  upop  this  subject  have  been  pub- 
lished during  the  3'ear  by  Schutzenberger  and  bj-  Brauner.  In 
his  first  communication,  Schuntzeberger'  deals  with  cerium, 
which  had  been  freed  from  lanthanum  and  '*didymium'*  by 
fusion  of  the  mixed  nitrates  with  saltpeter.  The  yellowish-white 
cerium  oxide  was  converted  into  cerium  sulphate,  which  was 
dried  at  440''.  In  this  salt,  with  special  precautions,  the  sul- 
phuric acid  was  estimated  by  precipitationwith  barium  chloride. 
One  hundred  parts  of  cerium  sulphate  gave  123.30  of  barium 
sulphate.  Hence,  Ce  =  139.45,  according  to  Schutzenberger's 
calculations.     Recomputing,  with 

0=  t6,  S=  32.07,  and  Ba=  137-43. 

Ce  =  I39-96- 

In  a  second  paper,^   Schutzenberger  describes    the    results 

obtained  by  the  fractionation  of  cerium  sulphate.     Preparations 

were  thus  secured  giving  oxides  of  various  colors,   such    as 

canary  yellow,  yellowish  rose,  reddish,  and  brownish  red.    These, 

1  Cheni.  NewXy  71,  343. 
»  Chem,  News,,  71, 305. 
t  Comfit,  rmd.,  ito,  663. 
*  Compt.  rend.,  ise,  96a. 
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by  the  synthesis  of  the  sulphates,  the  barium  sulphate  method, 
etc. ,  gave  varying  values  for  cerium  ranging  from  1 35 . 7  up  to  1 43 . 3 . 
Schatzenberger  concludes  that  the  cerium  sesquioxide  from  ce- 
rite  contains  small  quantities  of  another  earth  of  lower  atomic 
weight.  In  a  third  paper'  he  continues  the  investigation  with 
the  other  cerite  earths.  For  the  didymiums  he  finds  a  range  in 
atomic  weight  from  137.5  to  143.5,  approximately. 

Brauner's  paper'  is  partly  a  reclamation  of  priority  over 
Schutzenberger,  and  partly  a  preliminary  statement  of  new 
results.  In  his  earlier  work  he  found  that  cerium  oxide  was  a 
mixture  of  two  earths ;  one  white,  the  other  flesh  color  with  a 
tinge  of  orange,  and  atomic  weights  for  the  contained  metal  of 
140.2  and  145.72,  respectively.  In  his  later  researches  Brauner 
fractionates  his  material  by  several  methods.  One  constit- 
uent obtained  from  cerium  oxide  is  a  dark  salmon-colored  earth, 
the  oxide  of  a  metal  which  he  calls  **meta-cerium.'*  The  other 
constituent  he  calls  cerium.  Pure  cerium  oxalate  bv  Gibbs' 
permanganate  method  gave  29.506  and  29.503  per  cent,  of 
cerium  sesquioxide  with  46.934  per  cent,  of  cerium  dioxide. 
Hence,  Ce=  139.91,  or,  with  a  slight  correction,  Ce  r=  140.01. 
This  is  not  far  from  Schutzenberger*s  value. 

Helium  and  Argon, — The  true  atomic  weights  of  these 
remarkable ; gases  are  still  in  doubt,  and  so  far  can  only  be 
inferred  from  their  specific  gravities.  For  argon,  the  dicoverers, 
Raj^leigh  and  Ramsay,'  give  various  determinations  of  density, 
ranging  (H— i)  from  19.48  to  20.6.  The  value  19.9  they 
regard  as  approximately  correct. 

For  helium,  Ramsay*  gives  the  density  2.18,  while  Langlet^ 
finds  the  somewhat  lower  value  2.00. 

Prom  one  set  of  physical  data,  both  gases  appear  to  be  mon- 
atomic,  but  from  other  considerations  they  are  supposabh* 
diatomic.  Upon  this  question,  controversy  has  been  most  active, 
and  no  final  settlement  has  yet  been  reached.  If  diatomic, 
argon  and  helium  have  approximately  the  atomic  weights,  two 

1  Com^.  rtud.^  fiOi  1143. 

^  Cktm.  JVeufs,,  71,  J83. 

>  Pkii.  TVatu..  il6»  3JO-M3. 

4y.  Ckgm,  Soe..  a,  684. 

*  ZUekr.  amorg.  Cktm.,  lo^  389. 


212  P.  W.  CI^RKB.      RBPORT  OP 

and  twenty,  respectively ;  if  monatomic,  these  values  must  be 
doubled.  In  either  case,  helium  is  an  element  l^'ing  between 
hydrogen  and  lithium ;  but  argon  is  most  difficult  to  classify. 
With  the  atomic  weight  20,  argon  fills  in  the  eighth  column  of 
the  periodic  system,  between  fluorine  and  sodium ;  but  if  it  is 
40,  the  position  of  the  gas  is  anomalous.  A  slightly  lower  value 
would  place  it  between  chlorine  and  potassium,  and  again  in  the 
eighth  column  of  Mendelejeff's  table,  but  for  the  number  40  no 
opening  can  be  found. 

It  must  be  noted  that  neither  gas,  so  far,  has  been  proved  to 
be  absolutely  homogeneous  ;  and  it  is  quite  possible  that  both 
may  contain  admixtures  of  other  things.  This  consideration  has 
been  repeatedly  urged  by  various  writers.  If  argon  is  mon- 
atomic, a  small  impurity  of  greater  density,  say  of  an  unknown 
element  falling  between  bromine  and  rubidium,  would  account 
for  the  abnormality  of  its  atomic  weight,  and  tend  towards  the 
reduction  of  the  latter.  If  the  element  is  diatomic,  its  classifica- 
tion is  easy  enough  on  the  basis  of  existing  data.  Its  resem- 
blances to  nitrogen,  as  regards  density,  boiling  point,  difficulty 
of  liquefaction,  etc.,  lead  me  personally  to  favor  the  lower  figure 
for  its  atomic  weight,  and  the  same  considerations  may  apply 
to  helium  also.  Until  further  evidence  is  furnished,  therefore, 
I  shall  assume  the  values  two  and  twenty  as  approximately  true 
for  the  atomic  weight  of  helium  and  argon. 

Carbon. — Wanklyn,'  on  the  basis  of  his  investigations  into  the 
composition  of  hydrocarbons,  reiterates  his  belief  that  the  atomic 
weight  of  carbon  is  not  12,  but  6.  This  question  is  one  which 
falls  rather  outside  the  scope  of  this  report  and  needs  no  further 
discussion  here.  If  Wanklyn's  contention  is  sustained,  the 
value  assigned  to  carbon  in  the  table  at  the  close  of  this  paper, 
should  be  divided  by  two. 

In  the  following  table  of  atomic  weights,  the  values  are  given 
according  to  both  standards,  H  ==  i  and  O  =  i^.  Many  of  the 
figures  are  the  results  of  new  and  complete  recalculation  from  all 
available  data,  made  in  the  preparation  of  a  new  edition  of  my 
**  Recalculation  of  the  Atomic  Weights.'*  This  work  is  now 
well  under  way,  and  it  will  probably  be  completed  during  1896  : 

1  Chem.  P/ews,  79,  164.    See  also  0til.  Mag,^  August,  /^.    Also  the  reports  of  this 
committee  for  1893  and  1894. 
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H  =s  X.  O  ss  x6. 

Alnminnm 26.91  27.1 1 

Antimony ii9»52  12043 

Argon f  ? 

Arsenic 74-52  75.09 

Barium 136.40  137-43 

Bismuth 206.54  208.11 

Boron 10.86  10.95 

Bromine 79.34  79-95 

Cadmium 111.08  iii-93 

Cesium 131-89  132-89 

Calcium 39.78  40.08 

Carbon 11.92  12.01 

Cerium i39-i  140.2 

Chlorine 35.18  35.45 

Chromium 51.74  52.14 

Cobalt 58.49  58.93 

Columbium 93.3  94-o 

Copper 63.12  63.60 

Erbium 165.0  166.3 

Fluorine 18.89  1903 

Gadolinium 1549  156-1 

Gallium - 68.5  69.0 

Germanium 7^-75  72.3 

Glucinum 9.01  9.08 

Gold 195-74  19724 

Helium ?  ? 

Hydrogen i.oo  1.008 

Indium 112.8  113.7 

Iodine "5.89  126.85 

Iridium 191.66  i93->2 

Iron 55.60  56.02 

Lanthanum 137-6  138.6 

Lead 205.36  206.92 

Lithium 6.97  7.03 

Magnesium 24.11  24.29 

Manganese 54-57  54-99 

Mercury 198.5  200.0 

Molybdenum 95.26  95.98 

Meodymium 139.4  140.5 

Nickel 58.24  58.69 

Nitrogen 13-94  1404 

Osmium 189.55  190-99 

Oxygen 15-879  16.00 

Palladium 105.56  106.36 

Phosphorus 30.79  31.02 
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Platinum 193.41  194.89 

Potassium 38.82  39.11 

Praseodymium 142.4  143*5 

Rhodium 102.23  103.01 

Rubidium 84.78  85.43 

Ruthenium 100.91  101.68 

Samarium 148.9  150.0 

Scandium 43.7  44.0 

Selenium 78.4  79.0 

Silicon 28.18  28.40 

Silver.* 107.11  107.92 

Sodium 22.88  23.Q5 

Strontium 86.95  87.61 

Sulphur 31.83  32.07 

TanUlum 181.2  182.6 

Tellurium 126.  i  ?  127.0? 

Terbium 158.8  160.0 

Thallium 202.60  204.15 

Thorium 230.87  232.63 

Thulium 169.4  170.7 

Tin 118.15  119.05 

Titanium 47.79  48.15 

Tungsten 183.44  184.84 

Uranium 237.77  239-59 

Vanadium 50.99  5138 

Ytterbium 171.7  1730 

Yttrium 88. 28  88.95 

Zinc 64.91  65.41 

Zirconium 89.9  90.6 

COnPOSITION  OF  WOOD  QUM. 

By  S.  W.  Johnson. 

Received  January  sq.  it96. 

SINCE  1879,  when  Thomsen  published  his  investigation  of 
**Wood  Gum/*  the  writer  has,  from  time  to  time,  as 
opportunity  offered,  employed  several  of  the  chemists  of  the 
Connecticut  Agricultural  Experiment  Station  in  work  upon  the 
alkali-soluble  carbohydrates  of  maize  cobs,  birch  wood  and 
vegetable  ivory.  This  work  has  necessarily  been  subject  to  fre- 
quent and  prolonged  interruptions,  and  for  that  reason  the  pub- 
lication of  conclusive  results  has  been  greatly  delayed. 

Wood  gum,  which  is  abundantly  extracted  from  the  wood  of 
deciduous  trees  by  cold,  weak  (two  to  ten  percent,)  solutions  of 
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sodium  or  potassium  hydibxide,  and  thrown  down  therefrom  by 
netttralization  and  by  alcohol,  has  been  analyzed  by  Thomsen, 
Koch,  Schuppe  and  by  Wheeler  and  Tollens.' 

With  exception  of  Schuppe,  all  these  investigators  obtained 
results  on  the  whole  agreeing  fairly  with  the  formula  C,H,,0». 

Schuppe 's  analyses  mostly  gave  higher  figures  for  carbon  and 
hydrogen. 

Xylan . — When  it  was  shown  by  Wheeler  and  Tollens  that  xylose , 
the  sugar  first  described  by  Koch,  and  obtained  by  him,  from 
the  products  of  the  hydrolysis  of  wood  gum,  has  the  formula 
C^H,,0»,  it  became  extremely  probable  that  the  corresponding 
anhydride,  now  designated  xylan,  has  the  composition  C^H^O^. 

Analyses  made  in  this  laboratory  in  1885  demonstrated  that  the 
cobs  of  Indian  com  yield  to  five  or  ten  per  cent,  potassium  hydrox- 
ide solution,  a  body,  which,  precipitated  by  alcohol,  acidulated 
with  hydrochloric  acid,  suitably  washed  and  thoroughly  dried, 
has  in  fact  the  composition  proper  to  pure  xylan. 

In  1880  xylan  was  thus  prepared  under  my  direction  by  Dr. 
Jenkins,  as  follows  :  Ground  maize  cob  was  digested  for  twenty- 
four  hours  with  frequent  agitation  in  a  mixture  of  one  volume  of 
concentrated  ammonia  with  seven  volumes  of  water,  the  residue  was 
washed  on  filters  to  remove  all  ammonia  and  digested  forty-eight 
hours  with  seven  per  cent,  caustic  soda  solution.  The  filtered 
extract  was  mixed  with  twice  its  volume  of  ninety-three  per 
cent,  alcohol.  The  precipitate  was  washed  until  the  washings 
were  neutral  to  test  papers,  then  was  stirred  up  with  dilute 
hydrochloric  acid,  again  washed  with  dilute  alcohol  until  neutral 
and  thereupon  was  further  treated  with  absolute  alcohol  and 
ether  and  dried  over  sulphuric  acid.  About  twenty-five  per  cent, 
of  white,  easily  powdered  material  were  thus  obtained,  which 
answered  to  Thomsen's  description  of  wood  gum. 

It  was  not  made  blue  by  iodine  solution.  Agitated  with  pure 
water  at  common  temperatures  for  a  considerable  time,  it  was 
taken  up  to  the  extent  of  o.  14  per  cent. ,  giving  a  neutral  solution. 
Boiled  for  six  hours  with  water,  a  neutral  solution  resulted,  which 
contained  0.44  per  cent,  of  dissolved  substance  that  very  slightly 
reduced  Pehling's  solution.     The  solution  in  hot  water  wasunaf- 

^Ann.  Cktm.  (Uebig)  354,  330. 
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fected  by  addition  of  normal  lead  aceAte,  but  with  basic  lead 
acetate  gave  a  heavy  flocculent  precipitate.  Our  earlier  analyses 
of  this  substance  gave  varying  results,  due,  it  may  be,  partly  to 
impurities,  but  doubtless  largely  attributable  to  its  avidity  for 
moisture  and  the  difficulty  of  drying  it  completely  or  of  holding 
it  at  a  constant  moisture  content. 

We  could  obtain  no  accordant  analyses  except  by  weighing  off 
in  quick  succession  several  portions  of  the  air-dry  substance  that 
had  been  fully  exposed  to  air  and  was  neither  gaining  nor  losing 
moisture,  determining  carbon  and  hydrogen  in  some  of  these  por- 
tions and  moisture  in  others,  with  such  precautions  as  to  pre- 
clude change  of  water  content. 

Hygroscopic  water  we  determined  most  satisfactorily  by  dr>'- 
ing  in  vacuo  at  i  io**-i  12*  C.  For  this  purpose  the  substance  was 
contained  in  a  stout  glass  tube  about  three  cm.  wide  and  ten  cm. 
long,  sealed  off  round  at  the  base  and  narrowed  above  to  a  neck 
two  cm.  wide.  This  was  connected  by  a  perforated  cork  with  a 
water  pump,  giving  a  vacuum  equal  to  twenty-eight  to  twenty- 
nine  and  one-half  cm.  of  mercury  column,  and  was  heated  by 
placing  within  a  close  fitting  vertical  well,  whose  sides  and  bot- 
tom were  surrounded  by  boiling  aqueous  solution  of  sodium 
nitrate  contained  in  a  closed  copper  box,  the  vapor  from  which 
was  constantly  returned  by  means  of  an  efficient  condenser. 
The  glass  dr>nng  tube,  well  corked,  was  counterpoised  on  the 
balance  by  a  similar  corked  tube,  and  suitable  precautions  were 
used  to  avoid  or  compensate  any  changes  of  moisture  of  glass  or 
corks. 

Recurring  to  the  already  published  statements,  we  note  that 
the  chemists  whose  anal}"ses  gave  results  mostly  agreeing  fairly 
with  the  formula  C,H,^0^  are  silent  (in  the  accounts  I  have  been 
able  to  refer  to>  as  to  their  mode  of  drying,  so  Tbomsen  and 
Koch,  or  as  in  case  of  Wheeler  and  Tollens,  anal3rzed  "substance 
that  had  been  dried  over  sulphuric  acid  and  warmed  for  some 
hours  at  07^  in  a  water  oven.** 

Mr.  Winton,  in  this  laboratory,  found  that  two  samples  of 
finely  sulxiivided  air-dry  wood  gum  from  maize  cobs  required 
six  days  exposure  to  concentrated  and  recently  boiled  oil  of  vit- 
riol to  coine  to  cv^nstant  weight,  with  loss  of  S.io  per  cent,  and 
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8. II  per  cent.,  and  thus  dried  further  lost  in  three  and  one-half 
hours  at  loo""  in  a  current  of  dried  hydrogen  in  one  case  0.67  per 
cent.,  and  \n  another  1.83  per  cent.,  and  on  further  heating  in 
hydrogen  for  two  hours  at  120®,  lost  0.07  and  0.25  per  cent, 
respectively. 

But  while  it  may  not  be  difficult  to  bring  wood  gum  nearly  to 
complete  dryness  in  the  water  oven,  it  is  not  easy  to  weigh  off, 
transfer  to  a  combustion  tube  and  bum  this  dried  substance 
without  its  taking  up  sufficient  moisture  to  vitiate  an  analysis, 
especially  when  the  atmosphere  is  humid. 

In  1880,  Dr.  Jenkins,  following  the  methods  then  in  use  in  this 
laboratory,  made  his  first  analyses  of  air-dry  xylan,  determining 
water  by  prolonged  drying  in  a  water  oven.  In  three  combus- 
tions he  obtained,  reckoned  on  dry  matter,  45.25,  45.48  and 
45.72  per  cent,  of  carbon  respectively.  His  hydrogen  determi- 
nations, however,  were  more  irregular,  viz, :  6.37,  7.35  and  5.90 
per  cent. 

Dr.  Jenkins  next  imperfectly  dried  his  stock  of  xylan  at  100° 
and  weighed  off  the  portions  for  analysis  as  required.  In  four 
combustions,  reckoned  ash  free,  carbon  ranged  from  44.34  to 
45.20  per  cent.,  and  hydrogen  from  5.92  to  6.01.  His  averages 
were:  Carbon,  44.81 ;  hydrogen,  5.96.  These  results  are  quite 
like  those  from  which  Thomsen,  Koch,  and  Wheeler  and  Tol- 
lens,  deduced  the  formula  C^H.^Oj. 

Subsequently  in  1883,  Mr.  (now  Professor)  Milton  Whitney, 
devoted  considerable  time  to  analyses  of  various  preparations  of 
wood  gum,  sometimes  using  air-dry  material,  at  others  substance 
dried  at  100**,  but  without  reaching  altogether  satisfactory  results. 

Finally,  after  I,  with  Mr.  Winton's  aid,  had  accurately  ascer- 
tained the  conditions  for  completely  desiccating  this  substance 
and  the  precautions  needful  in  handling  it,  it  became  easy  to 
fix  its  composition. 

In  1885  Dr.  Osborne  made  analyses  of  a  sample  of  wood  gum 
prepared  by  Mr.  Whitnej'  from  corn  cobs,  being  a  first  fraction 
thrown  down  by  adding  about  one-half  the  amount  of  alcohol 
needful  for  complete  precipitation  of  the  soda-lye  extract,  and 
otherwise  treated  as  before  described.  About  two  grams  of  this 
xylsLU  required  in  one  case  near  six  hours  heating  at  112°  in  a 
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yacuum  maintained  at  29.oto29.5  inches  mercury,  andin  another 
case  when  the  vacuum  ranged  from  28.5  to  28.0  inches,  needed 
nine  hours  heating  at  112^  for  reaching  constant  weights.  In 
either  case  the  loss  was  13.51  per  cent.,  and  further  heating  for 
three  hours  occasioned  no  change  either  in  the  weight  or  color 
of  the  substance. 

Dr.  Osborne's  combustions  of  air-dry  substance  furnished 
results  as  follows : 

I.              n.               in.  Averac** 

Carbon 39.12  39.10  39.06  39.09 

Hydrogen 6.81         6.65  6.73  6.73 

Ash 0.59         0.66         0.59  0.61 

Moisture   ...-          -.-•  13.51 

The  above  average  reckoned  on  dry  and  ash-free  substance  is: 

Calculated  for 
C»Hs04. 

Carbon 45.51  45.45 

Hydrogen 6.09  6.16 

Oxygen  48.40  48.49 


100.00  100.00 

In  another  similar  preparation  Dr.  Jenkins  demonstrated  the 
absence  of  nitrogen  by  soda  lime  combustion. 

In  two  other  preparations  the  ash  contents  were  found  to  be 
respectively  0.23  and  1.73  per  cent. 

At  my  request  Mr.  ^.  B.  Hurlburt  has  lately  hydrolyzed  com 
cob  xylan  prepared  in  1880  and  obtained  a  syrup  which,  after 
seeding  with  a  little  pure  xylose,'  in  a  few  days,  nearly  solidified 
to  a  mass  of  crystals  that  when  washed  with  alcohol  and  dried, 
melted  at  153**  C. 

It  thus  appears  that  the  cobs  of  Indian  com  yield  very  pure 
xylan,  C,H ,0,. 

It  is  also  probable  that  many  of  the  analyses  of  wood  gum 
hitherto  published,  those  of  Schuppe  possibly  excepted  were 
made  on  imperfectly  dried  material,  and  for  that  reason  mainly, 
gave  results  leading  to  the  incorrect  formula  C,H„0,. 

Bt'rch  Wood  Gum, — Preparations  obtained  from  the  wood  of 
the  American  white,  or  gray  birch,  Beiuia  alba,  differ  in  compo- 

1  Kindly  sopplicd  for  this  purpose  by  Prof.  W.  H.  Stone,  wlio  was  the  6rst  to  aa- 
ooaace  Uie  preparmtioa  of  xylan  and  zyloae  from  maiae  coba. 
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sition  from  the  xylan  of  maize  cob.     Dr.  Osborne  found  in  the 
air-dry  substance  of  one  sample  : 

I.                     II.  Avermge. 

Carbon 42.69  42.49  42.59 

Hydrogen 6.65  6.59  6.62 

Ash •*• 0.65  0.64  0.65 

Moisture ••••  9.84 

Moisture  was  determined  by  drying  in  vacuo  at  112"  C.  Con- 
stant weight  was  obtained  in  one  determination  in  six  hours  with 
29.5  inches  of  mercury  in  manometer,  the  loss  being  10.26  per 
cent.,  and  in  another  in  twelve  hours  with  twenty-eight  inches 
of  mercury,  the  loss  being  9.42  per  cent. 

The  average  results  reckoned  on  substance  free  from  moisture 
and  ash  are : 

Calculated  for 
C4H.0,. 

Carbon 47-58  47.06 

Hydrogen 6.17  5.88 

Oxygen 46.25  47.06 

These  figures  for  carbon  are  two  per  cent,  higher  than  those 
belonging  to  the  pentosans,  and  come  nearer  the  composition  of 
a  tetrosan. 

The  birch  wood  gum,  when  hydrolyzed,  yields  a  syrup  from 
which,  on  long  standing,  or  by  fractioning  with  alcohol,  a  very 
small  proportion  of  crystals  may  be  separated,  which  do  not 
appear  to  be  increased  in  quantity  by  ** seeding*'  with  crystal- 
lized xylose. 

The  further  study  of  birch  wood  gum  and  the  products  of  its 
hydrolysis  is  reserved. 

Afannan. — When  the  sugar  obtained  by  Reiss*  from  vegetable 
ivory,  the  fruit  *of  PhytelephaSy  as  the  result  of  hydrolysis,  was 
shown  by  B.  Fischer  to  be  mannose,  it  became  evident  that  the 
substance  yielding  this  sugar  is  a  carbohydrate  of  composition 
corresponding  to  the  formula  C,H„Oj. 

According  to  Reiss,*  vegetable  ivory  3rields  near  seven  and 
five-tenths  per  cent,  of  a  water-soluble  carbohydrate,  which  in 
the  ^ry  state  is  a  yellowish  brown  gummy  mass,  having  left- 
handed  polarization,  readily  hydrolyzed  and  then  yielding  the 

lAer.  d,  chtm.  Ges.^  aa,  609. 

s  LandwirthachafUichc  Jalirb&cher,  18,  745.  '^- 
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sugar  mannose.  The  vegetable  ivory  also  contains  or  yields, 
according  to  Reiss,  a  carbohydrate  in  large  proportion,  which 
he  prepared  as  a  white  amorphous  powder  by  digesting  vegetable 
ivory  shavings  with  an  equal  weight  of  seventy  per  cent,  sul- 
phuric acid  for  twenty-four  hours,  then  adding  to  the  mixture 
its  weight  of  water,  filtering,  adding  a  little  alcohol  to  throw 
down  impurities,  and  lastly  precipitating  with  mixed  alcohol  and 
ether,  washing  and  drying  the  product.  This  substance,  which 
Reiss  found  to  swell  and  partially  dissolve  in  water,  and  to  be 
laevorotatory  and  to  reduce  Fehling's  solution,  was  termed  by  him 
seminin  and  by  Tollens'  paramannan.  It  yielded  mannose. on 
hydrolysis,  but  its  composition,  so  far  as  I  am  aware,  has  not 
been  determined. 

Several  investigators  have  inferred  the  existence  of  mannan  in 
seeds  of  coffee,  date,  nux  vomica,  Diospyros,  cocoanut,  and  pine 
wood,  etc.!  from  the  formation  of  an  insoluble  hydrazonein  the 
products  of  the  hydrolysis  of  these  materials,  but  only  Reiss,  I 
believe,  has  attempted  to  separate  the  carbohydrate  from  the 
associated  substances. 

In  the  year  1880  a  quantity  of  refuse  vegetable  ivory  was  sent 
to  this  station  for  examination,  with  the  statement  that  '*it  had 
been  used  as  feed  for  cattle,  which  ate  it  with  great  relish 
and  fattened  upon  it.*" 

A  *' fodder  analysis"  was  accordingly  made,  the  results  of 
which  were  as  follows  : 

Water  (at  100^  C.) 18.78 

Ash 1 .08 

Crude  fat  (ether  extract) 0.70 

Albuminoids   (N  X  6.25) 3.37 

Crude  fiber 7.50 

Nitrogen-free  extract  (by  difference) 68.57 


100.00 


It  was  at  the  same  time  found  that  vegetdble  ivory  yields  to 

I  Ladenburg's  Handworterbuch,  13,  755. 

arx>cw  and  Ishii  have  recently  stated  that  the  root  of  Conophattus  k<mnjaku,  which  is 
used  as  human  food  in  Japan,  contains  mannan,  t.  e.,  yields  mannosehydraxonc  in  con- 
siderable quantity.  (Vcrsuchsstationen,  45, 435.)  Salep  mucilage,  formerly  used  as  food 
for  invalids,  also  very  probably  contains  mannan  or  a  mannocellulosc.  (Cans  and  TDl- 
lens  :  Ann.  Chem.  (Liebig'),  349.  256.) 
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scfda  lye  a  large  proportion  of  substance  resembling  *  *wood  gum/ ' 
and  a  number  of  preparations  were  made  in  1880  by  Dr.  Armsby , 
and  in  1883  by  Mr.  (now  Professor)  Milton  Whitney. 

Mr.  Whitney  also  analyzed  six  of  these  preparations.  His 
mode  of  drying  was  long  exposure  to  concentrated  sulphuric  acid 
and  subsequent  heating  for  one  hour  in  the  water  oven. 

The  results  of  these  analyses  were  not  altogether  uniform,  but 
either  by  excluding  extremes  or  taking  the  average  they  fairly 
agreed  with  the  formula  4(C,H,„0»)H,0,  which  requires  two 
and  seven-tenths  per  cent,  of  hydrate  water.  This  water,  how- 
ever, was  doubtless  merely  hygroscopic. 

After  having  ascertained  the  precise  conditions  for  determin- 
ing moisture  in  various  specimens  of  wood  gum,  I  requested  Dr. 
Osborne  in  1885  to  analyze  two  of  Dr.  Armsby *s  vegetable  ivory 
preparations  then  remaining.  To  determine  moisture  the  air- 
dry  material  was  heated  in  vacuo  (28.0  to  29.5  inches  of  mer- 
cury) at  1 1 2**  C .  for  eight  to  nine  hours  to  constant  weight.  In  one 
case  the  substance  was  further  heated  for  three  hours  without 
change  in  weight  or  appearance. 

The  combustions  were  made  on  portions  of  the  same  air-dry 
substance  as  served  for  estimating  moisture. 

The  following  are  Dr.  Osborne's  results : 

Sample  B.  I  2,  Air-Dry. 

I.  II.  III.  IV.  Average. 

Carbon •  •  • .  40.08  40.17  40. 13 

Hydrogen 6.82  6.82  6.82 

Ash ••••  o.io  0.16  0.13 

Moisture 9.59  9.65  ....  ....  9.62 

Sample  B.  II.  i,  Air-Dry. 

I.  II.  III.  IV.        Average. 

Carbon 39-14  39-'9  39-17 

Hydrogen ....  6.92  6.90  6.91 

Ash • . .  •  trace  trace  trace 

Moisture 10.88  10.88  ....          10.88 

The  dry  ash-free  mannan  has  accordingly  the  subjoined 
composition  : 
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Calculated  for 
B.  I.  2.  B.  II.  X.  CcHi,0». 

Carbon 44.46  43.95  44-44 

Hydrogen 6.37  6.39  6.17 

Oxygen 49.17  49-^  49-38 


100.00  100.00  100.00 

The  mannan  of  vegetable  ivory  may  be  separated  in  fractioDS 
by  adding  alcohol  to  its  solution  in  sodium  hydroxide. 

Arrasby's  preparation  B.  I.  2  and  B.  II.  i  were  obtained  as 
follows  :  One  kilo  of  vegetable  ivory  turnings  was  digested  for 
twenty -four  hours  in  a  mixture  of  800  cc.  concentrated  ammonia  and 
five  and  a  half  liters  of  water  and  washed  with  water  until  ammo- 
nia was  removed.  The  residue  was  digested  twenty-four  hours 
in  a  solution  of  800  grams  potassium  hydroxide  in  eight  liters  of 
water  and  filtered,  giving  a  first  extract  B.I.  The  undissolved 
substance  was  then  treated  for  twenty-four  hours  with  a  solution 
of  480  grams  potassium  hydroxide  in  six  liters  of  water  and  fil- 
tered.    The  second  extract  was  marked  B.  II. 

The  potash  extract  B.  I.  was  mixed  with  about  three-sixteenths 
of  its  bulk  of  ninety-three  percent,  alcohol,  and  allowed  tostandan 
hour;  the  turbid  liquid  was  separated  from  the  precipitate  by 
decantation  and  filtration.  This  first  precipitate  was  B.  I.  i. 
The  filtrate  therefrom  was  completely  precipitated  by  its  own 
volume  of  alcohol,  and  the  second  precipitate  was  B.  I.  2,  whose 
analyses  correspond  so  closely  to  C,H,,0,. 

The  soda  extract  B.  II.  with  rather  more  than  one-fourth  its 
bulk  of  alcohol  gave  B.  II.  i,  (containing  five-tenths  per  cent, 
less  carbon  than  B.  I.  2),  and  the  filtrate  therefrom  with  excess 
of  alcohol  yielded  a  second  small  precipitate  B.  II.  2. 

These  precipitations,  after  removing  mother  liquors,  were 
washed  with  sixty-six  per  cent,  alcohol  until  nearly  neutral,  then 
digested  with  excess  of  dilute  hydrochloric  acid  for  a  day  and 
finally  washed  out  completely  with  sixty-six  per  cent. ,  eighty 
per  cent,  and  absolute  alcohol  and  with  ether  in  succession. 

It  thus  appears  that  vegetable  ivory  may  yield  to  dilute  caus- 
tic alkali  solutions  a  nearly  or  entirely  pure  mannan,  and  that 
this  body  is  probably  accompanied  with  an  alkali-soluble  sub- 
stance of  lower  carbon  content. 
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5TEEL. 
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Received  Jaauary  14,  i996. 

THE  mMhod  given  below  for  the  determination  of  carbon  in 
steel  is  generally  used  in  the  steel  works  laboratories  in  the 
Eastern  part  of  Prance,  and  I  am  indebted  for  the  details  to 
Monsieur  H.  A.  Brustlein  of  the  Aci^ries  d'Unieux  at  whose 
words  and  at  those  of  the  Aci^ries  de  la  Marine  at  Saint  Cha- 
mond  the  various  improvements  in  the  method  have  been 
worked  out. 

The  method  was  first  suggested  by  Wiborg\  but  was  very  im- 
perfect in  its  original  form.  The  greatest  improvement  was  sug- 
gested by  Monsieur  de  Nolly  of  the  Laboratory  of  the  Aci6ries 
de  la  Marine  at  Saint  Chamond  and  consists  in  the  addition  of 
phosphoric  acid  to  the  oxidizing  mixture  by  which  the  iron  is 
much  more  rapidly  dissolved  and  the  use  of  a  considerable 
amount  of  chromic  acid  is  rendered  possible  without  the  evolution 
of  a  large  volume  of  oxygen  gas. 

The  solutions  employed  are  : 

1.  A  saturated  solution  of  chemically  pure  cupric  sulphate. 

2.  An  aqueous  solution  of  chromic  acid  (one  gram  chromic 
acid  to  one  cc.  water) . 

3.  A  mixture  of  sulphuric,  phosphoric  and  chromic  acid  made 
ttp  as  follows. 

Solution  of  chromic  acid  (Sol.  No.  2) 35  cc. 

Water ' 115 

Concentrated  sulphuric  acid 750 

Phosphoric  acid  i  .4  sp.  gr 315 

In  preparing  solution  No.  2,  add  a  few  cc.  of  sulphuric  acid 
and  heat  to  boiling  to  destroy  any  organic  matter  that  may  be 
present. 

In  preparing  solution  No.  3,  heat  it  to  boiling  also  for  the 
same  purpose. 

The  apparatus  as  shown  in  the  sketch  consists  of  a  round 
bottom  Flask  A  of  200  cc.  capacity  with  a  long  neck.  The 
flask  is  closed  with  a  rubber  stopper  with  two  holes,  in  one  of 

iStahl  und  Hlscn,  1883. 


14 
II 


224 


ANDREW  A.   BI^AIR. 


which  is  fitted  the  glass  stopper  funnel  B  and  in  the  other  the 
tube  C  enclosed  in  the  condenser  D  through  which  a  stream  of 
water  runs  during  the  operation.     The  tube  C  is  connected  with 


one  tube  jfi*  of  a  three  way  stopcock  a,  from  which  the  second 
tube  F  opens  into  the  air  and  the  third  G  connects  with  the 
tube  H  of  the  three  way  stopcock  b.     The  second  tube  /  from 
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this  Stopcock  is  fused  to  the  burette  /T  which  is  enclosed  in  the 
tube  L  containing  water.  The  lower  end  of  the  burette  con- 
nects with  a  capillary  tube  il/ which  serves  as  a  level  tube  and 
is  in  the  form  of  a  T  ;  it  is  connected  with  the  mercury  reser- 
voir N  which  is  raised  and  lowered  by  the  arrangement  O.  The 
third  tube  of  the  stopcock  h  connects  with  the  tube  P  of  the 
stopcock  c,  the  second  tube  Q  of  the  stopcock  c  connects  with 
the  manometer  R  and  the  third  tube  5  with  the  pipette  T  which 
rans  into  the  bottle  U,  The  tubes  of  the  stop  cocks  b  and  r,  the 
manometer  tube  R,  the  level  tube  M  and  the  tubes  of  the 
pipette  T  are  capillaries.  The  manometer  tube  R  contains 
water  and  serves  to  accurately  adjust  the  levels  when  taking  the 
reading  of  the  burette  K.  When  the  manometer  is  shut  off 
from  the  burette  the  approximate  level  is  ascertained  by 
means  of  the  level  tube  M,  The  tube  F  of  the  stopcock  a  is 
used  only  in  exceptional  cases :  First,  when  the  evolution  of 
gas  is  insufficient  to  carry  the  mercury  far  enough  down  the 
burette  K^  in  which  case  air  is  drawn  through  it  into  the 
burette;  and  secondly,  when  the  evolution  of  gas  is  so  great  that  it 
is  necessary  to  make  two  absorptions  in  the  pipette  T^  in  which 
case  the  residue  from  the  first  absorption  is  discharged  through 
the  tube  P.  The  pipette  T  contains  a  solution  of  potassium 
hydroxide  of  1.27  sp.  gr.,  it  is  of  about  400  cc.  capacity.  The 
bottle  C/is  of  about  one  liter  capacity.  The  water  in  the  con- 
taining tube  L  serves  to  keep  the  gas  in  the  burette  at  the  ordi- 
nary temperature  of  the  laboratory.  It  should  be  protected  from 
the  heat  of  the  burner  and  flask  by  a  screen. 

The  operation  is  conducted  as  follows : 

Connect  the  pipette  T  by  means  of  the  stopcocks  *  and  c  with 
the  burette  K  and,  by  lowering  the  mercury  reservoir,  fill  the 
pipette  with  the  potassium  hydroxide  solution,  close  the  stop- 
cock r,  fill  the  burette  K  with  mercury  and  close  the  stopcock  b. 
Weigh  one  gram  of  drillings  into  the  flask  A,  attach  it  to  the 
apparatus,  start  the  water  through  the  condenser  D,  and  con- 
nect the  flask  with  the  burette  K  by  means  of  the  stopcock  a. 
Pour  fifteen  cc.  of  the  cupric  sulphate  solution  No.  i  into 
the  funnel  tube  B^  and  let  it  flow  into  the  flask.  Allow  it 
to  act  long  enough  to  form  a  superficial  deposit  of  copper  on  the 
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drillings  (one  or  two  minutes  is  sufficient)  then  add,  through 
the  funnel  tube,  fifteen  cc.  of  solution  No.  2  and  135  cc.  of  solu- 
tion No.  3.  Heat  the  solution  in  the  flask  and  raise  it  slowlyto 
the  boiling  point.  By  means  of  the  reservoir,  keep  the  mercury 
in  the  burette  and  in  the  tube  M  nearly  level.  The  water  con- 
densed in  the  tube  C  drops  back  into  the  flask  and  keeps  the 
liquid  of  the  same  density,  while  the  properly  cooled  gases  pass 
into  the  burette. 

Allow  the  flask  A  to  cool  for  about  five  minutes  and  then  run 
into  it,  through  the  funnel  tube  B^  enough  water  to  fill  the 
flask  and  the  tube  to  the  stopcock  a,  thus  forcing  all  the  gas 
into  the  burette.  Close  the  stopcock  a  and  connect  the  burette 
by  means  of  the  stopcocks  b  and  c  with  the  manometer  R^  adjust 
the  levels  accurately  and  take  the  reading  of  the  burette.  Then 
by  means  of  the  stopcock  c  connect  the  burette  with  the  pipette 
T  and  by  raising  and  lowering  the  reservoir  N^  pass  the  gas 
several  times  back  and  forth  to  cause  the  potassium  hydroxide 
to  absorb  all  the  carbon  dioxide.  Finally  connect  the  burette 
with  the  manometer  tube  Ry  adjust  the  levels  and  take  the  read- 
ing of  the  burette. 

The  burette  K  should  contain  a  few  drops  of  water  to  insure 
the  saturation  of  the  gases  with  aqueous  vapor.  The  difference 
between  the  two  readings  is  the  volume  of  the  carbon  dioxide. 
Observe  the  readings  of  the  thermometer  and  barometer  and 
reduce  the  volume  of  the  carbon  dioxide  to  that  which  it  would 
occupy  in  the  dry  state  at  o^'C.  and  760  mm.  pressure. 

Multiply  the  volume  of  the  gas  so  obtained  by  0.0019663 
and  the  result  is  the  weight  of  the  carbon  dioxide  in  grams. 

I  have  constructed  the  apparatus  as  here  described,  and  am 
satisfied  that  the  results  obtained  by  its  use  when  the  details  of 
the  method  are  carefully  carried  out  are  much  more  accurate 
than  those  arrived  at  by  any  other  than  the  combustion 
method.  Blank  determinations  at  Unieux  rarely  give  more  than 
one-tenth  cc.  or  two-tenths  cc,  when  the  solutions  are  properly 
purified.  As  results  may  be  obtained  in  an  hour  and  a  half, 
the  method  should  recommend  itself  to  the  chemists  of  steel 
works  where  determinations  of  carbon  are  called  for  in  treated 
and  special  steels  where  the  color  method  is  inadmissable. 
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It  may  be  noted  here  that  the  use  of  a  condenser  and  the 
solutions  given  above  will  add  to  the  accuracy  of  the  method 
in  which  the  carbon  dioxide  is  weighed  instead  of  measured. 

Laboratory  op  Booth,  Garrbtt  &  Blair, 
Philadelphia.. 


A  NEW  SAFETY  DISTILLATION  TUBE  FOR  RAPID  WORK 

IN  NITROGEN  DETERMINATIONS. 

By  Cyril  G.  Hopkins. 
Received  Decenlier  la.  1S95. 

IN  doing  a  large  amount  of  work  with  fodders  and  fertilizers, 
involving  several  hundred  determinations  of  nitrogen  (by  the 
Kjeldahl  method),  I  have  observed  that  the  distillation  tube 
(generally  known  as '*  KjeldahPs  connecting  bulb  tube,"  but 
doubtless  more  properly  as  Reitmeir's  distillation  tube)  is  fre- 
quently a  source  of  error,  due  to  the  fact  that  it  allows  fixed 
alkali  to  be  carried  over  mechauicall}'.  Especially  is  this  the 
case  when  the  distillation  is  carried  on  rapidly,  and  also  when 
the  contents  of  the  distillation  flask  has  a  tendency  to  '*  bump.*' 

In  doing  rapid  work  I  have  always  found  it  necessary  to  have 
the  lower  end  of  these  tubes  reground  before  they  would  allow 
the  liquid  condensed  in  the  bulb  to  run  back  into  the  distilla- 
tion flask.  Even  after  this  is  properly  done  the  lower  end  of  the 
tube  is  still  open,  and  when  the  liquid  boils  violently  or 
'*  bumps,"  small  particles  of  it  are  often  thrown  up  through  the 
tube  into  the  bulb.  Sometimes  these  particles  of  strongly  alka- 
line liquid  strike  the  curved  tube  within  the  bulb,  flow  out  to 
the  end,  and  are  forced  into  the  tube  and  over  into  the  conden- 
ser by  the  rapid  current  of  vapor.  This  action  is  easily 
observed  when  the  contents  of  the  distillation  flask  is  highly 
colored  ;  and  I  find  that  the  occurrence  is  familiar  to  chemists 
who  have  had  much  to  do  with  nitrogen  determinations. 

I  have  obtained  good  results,  however,  by  having  the  end  of 
the  tube  within  the  distillation  flask  properly  ground,  and  then 
protected  by  a  larger  glass  tube,  fastened  to  the  distillation 
tube  just  below  the  rubber  stopper,  by  means  of  a  short  piece  of 
rubber  tubing,  and  having  an  opening  on  the  side  and  a  jet  at 
the  lower  end.  This  modification  gave  such  good  satisfaction 
that  it  finally  led  me  to  make  a  new  distillation  tube  in  which 
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not  only  the  tube  which  passes  into  the  distillation  flask,  but 
also  the  tube  within  the  bulb  has  an  opening  on  the  side  and  a 
jet  at  the  end. 

The  form  of  this  distillation  tube  and  its  advantage 

tube  in  ordinary  use  will  be 
plainly  seen  in  the  accompany- 
ing illustration. 

The  vapor  passes  in  through 
the  side  openings  A  and  A\  and 
whatever  condenses  in  the  tube 
below  the  point  B  passes  back 
into  the  distillation  flask  through 
the  jets  C  and  C. 

The  possibility  of  liquid  from 
the  distillation  flask  being  thrown 
into  the  tube  is  avoided,  and  the 
current  of  vapor  does  not  inter- 
fere with  the  return  of  con- 
densed liquid.  The  jets  C  and 
C  are  two  mm.  inside  diameter 
and  they  always  remain  filled 
with  returning  liquid  when  in 
use.  The  tubing  used  in  making  these  distillation  tubes  is  from 
seven  mm.  to  eight  mm.  inside  diameter.  The  side  openings  y^  and 
A^  aiiould  be  nearly  as  large,  and  the  bulb  about  five  cm.  in 
diameter.  The  length  of  the  tube  below  the  bulb  is  twelve  cm. 
and  that  above  the  bulb  about  the  same. 

University  op  Illinois,  Bxpbrxmbnt  Station. 


REHARKS  ON  HR,  AUCHY'S  PAPER  ON  THE  VOLUnETRIC 

DETERMINATION  OF  HANQANESEJ 

By  George  C.  Stone. 
Received  January  ii.  1896. 

IN  the  December  number  of  the  Journal  of  the  American 
Chemical  Society  there  is  a  paper  by  Mr.  George  Auchy 
on  the  **  Volumetric  Determination  of  Manganese,"  in  which  he 
advocates  the  use  of  Volhard*s  method,  in  which  I  heartily  agree 

1  Read  before  the  New  York  Section. 
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with  him,  but  the  method  as  he  describes  it,  seems  to  me  uiinec- 
cesarily  complicated. 

Mr.  Auchy  criticises  Williams'  method  and  refers  to  the  dis- 
cussion of  it  which  occurred  some  years  since.*  At  that  time  I 
satisfied  myself  that  the  method  as  originally  described  by  Wil- 
liams was  not  accurate,  but  in  a  modified  form  I  used  it  for  sev- 
eral years  with  good  results  until  I,  too,  was  treated  to  the  same 
disagreeable  surprise  as  Mr.  Auchy,  a  number  of  manganese 
determinations  came  very  low.  On  examination  I  found  that  this 
was  due  to  the  decomposition  of  the  oxalic  acid  solution.  I  then 
gave  up  the  method  and  have  since  used  Volhard's  with  uni- 
formly satisfactory  results,  except  where  there  are  only  a  few 
hundredths  of  a  per  cent,  of  manganese  present,  in  which  case  I 
found  the  method  of  oxidizing  by  peroxide  of  lead,  reducing  by 
standard  arsenious  acid  and  titrating  back  by  permanganate  to 
work  well. 

Volhard's  method,  as  I  have  used  it,  is  as  follows :  The  quan- 
tity of  material  taken  for  analysis  should  contain  between  0.05 
and  0.15  grams  of  manganese.  If  it  is  an  alloy,  dissolve  in 
nitric  acid  of  about  i.io  sp.  gr.;  if  an  ore  or  cinder,  dissolve  in 
hydrochloric  acid  and  boil  with  a  little  potassium  chlorate.  In 
either  case  use  but  a  small  excess  of  acid.  Cool,  wash  into  a 
half  liter  flask  with  cold  water  and  add  an  emulsion  of  zinc 
oxide  until  the  precipitate  curdles ;  the  change  in  the  appear- 
ance of  the  precipitate  is  sharp  and  distinct.  Dilute  to  the  mark, 
mix  thoroughly,  pour  into  a  beaker  and  allow  the  precipitate  to 
settle.  Decant  off  exactly  100  cc.  into  a  four  inch  casserole, 
dilute  to  about  200  cc.,heat  nearly  to  boiling  and  titrate  rapidly 
with  permanganate,  one  cc.  of  which  should  equal  0.00 1  gram  of 
manganese  (about  1.99  grams  potassium  permanganate  in  one 
liter).  The  greater  part  of  the  permanganate  should  be  added 
at  once  and  the  solution  very  vigorously  stirred.  For  this  pur- 
pose a  glass  rod  bent  to  a  hook  is  very  convenient,  the  hook,  of 
course,  being  in  the  solution. 

I  have  made  a  number  of  experiments  to  see  if  it  makes  any 
difference  whether  nitric,  hydrochloric  or  sulphuric  acid  is  used, 
and  have  not  found  that  it  does,  provided  the  iron  is  oxidized.  For 

I  Trans.  Am.  In»t.  Miti.  T,ng.^  11,  514;  la,  295-449 ;  CArw.  AVrrv,  /SSj,  17^27.^. 
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neutralizing  I  use  commercial  zinc  oxide,  which  contains  a 
trifling  amount  of  manganese,  but  under  the  conditions  in  which 
it  is  used  this  apparently  does  not  go  into  solution.  To  test  this 
point,  I  made  a  number  of  duplicate  analyses,  neutralizing  one 
of  each  pair  with  zinc  oxide  and  the  other  with  barium  carbon- 
ate ;  in  all  cases  the  results  agreed  well.  It  is  not  necessary  to 
filter  the  solution,  the  iron  precipitate  settles  very  rapidly  and 
completely,  andif  a  little  of  the  precipitate  goes  with  the  solution,  it 
makes  no  difference.  I  think  the  trouble  Mr.  Auchy  mentions  in 
getting  good  results  with  steels  low  in  manganese  when  a  large 
excess  of  zinc  oxide  is  used,  is  due  to  not  having  sufficient  man- 
ganese present,  as  it  is  difficult  to  make  a  very  small  precipitate 
clot  together  so  as  to  give  a  clear  solution  in  which  the  color  of 
the  end  reaction  shows  distinctly.  I  have  often  tried  adding  a 
very  large  excess  of  zinc  oxide,  but  have  never  found  it  to  inter- 
fere, provided  the  manganese  was  within  the  limits  given  above. 
The  method  is  very  rapid,  a  determination  of  manganese  in 
Spiegel  can  easily  be  made  in  half  an  hour ;  ores  usually  take  a 
little  longer,  as  they  are  more  difficult  to  dissolve. 

PROBABLE  PRODUCTION  OF  PERMANGANATE  BY  DIRECT 
COMBUSTION  OP  ilETALLIC  MANGANESE.* 

By  Gborgb  C.  Stonb. 
Received  January  11,  itgft. 

WHEN  casting  at  a  Spiegel  furnace,  a  good  deal  of  iron  and 
manganese  is  always  burned  at  the  tap  hole,  giving  a  very 
hot  flame  and  clouds  of  reddish  fume,  the  hotter  the  furnace  and  the 
higher  the  percentage  of  manganese  in  the  iron,  the  more  sparks 
and  fume.  To  protect  themselves  from  these  sparks  the  men 
often  put  a  sheet  iron  screen  over  the  run  and  tap  holes.  One 
day  some  water  was  accidentally  spilled  on  this  screen  immedi- 
ately after  casting.  It  at  once  took  the  deep  purple  color  of  a 
permanganate  solution ;  unfortunately  the  screen  was  upset  and 
the  solution  spilled  before  I  could  secure  any  of  it  for  further 
examination.  At  the  time  the  furnace  was  working  very  hot, 
making  a  high  grade  Spiegel  and  a  basic  cinder. 

DISCUSSION. 

Dr.  Rosell  called  attention  to  the  fact  that  potassium  perman* 
ganate  when  heated  to  a  red  heat  would  decompose,  and  that  the 

^iRead  before  the  New  York  Section. 
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Other  permanganates  behave  in  the  same  way.  In  fact  the  per- 
manganates can  only  be  made  in  the  wet  way.  On  the  other 
liand,  manganates  are  generally  produced  in  the  dry  way,  and 
they  will  stand  a  Very  high  temperature. 

If,  therefore,  a  substance,  after  having  been  heated  to  the  tem- 
perature of  the  blast  furnace,  would  dissolve  in  pure  water  with 
the  well  known  rich  purple  color  of  a  permanganate  solution,  it 
seems  almost  certain  that  such  a  substance  could  not  be  a  per- 
manganate, but  it  could  be  a  solution  of  a  ferrate.  It  is,  of  course, 
also  possible  that  the  water  used  to  dissolve  the  substance  in 
question  was  not  pure,  but  accidentally  contained  some  acid, 
whereby,  on  dissolving,  the  manganate  was  converted  into  per- 
manganate. 

THE  nANUFACTURE   OF  ACETONE   AND  OF  ACETONE^ 
CHLOROFORfl  FROM  ACETIC  ACID.' 

By  Edward  R.  Squibb. 
Received  Jaauezy  as.  ttgd. 

JUST  one  year  ago,  January  i  ith,  1895,  the  writer  read  a  paper 
before  this  Society  upon  *' Improvement  in  the  Manufacture 
of  Acetone,"  and  this  paper  was  published  in  the  Journal  for 
March,  1895,  page  187.  The  improvement  claimed  consisted  in 
the  use  of  acetic  acid,  instead  of  acetates,  and  in  the  usq  of  a 
rotary  still  for  the  decomposition.  The  results  given  were 
obtained  from  a  model  apparatus  on  a  table. 

During  the  year  that  has  elapsed  since  that  paper  was  read,  a 
large  rotary  still,  twelve  feet  in  length  by  two  feet  in  diameter, 
has  been  set  up,  and  this  has  decomposed  in  126  hours  about 
1,700  pounds  of  absolute  acetic  acid,  giving  about  ninety  per 
cent,  of  the  theoretical  yield  of  acetone  against  about  eighty  per 
cent,  in  the  small  apparatus. 

But  the  patentees  of  the  processes  for  making  acetone  from 
acetates  object  to  the  use  of  this  process  and  apparatus  as  being 
in  conflict  with  their  patents. 

The  acetone  produced  was  converted  into  chloroform  by  the 
Watts  (Seimerling)  proportions  of  material  in  an  apparatus 
described  by  the  writer  in  1857,*  and  used  for  many  years  in 
making  chloroform  from  alcohol,  and  this  is  also  objected  to. 

•     1  Read  before  the  New  York  Section,  January  10, 1896. 
«  Epkemeru,  4,  [x],  71. 
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Under  these  circumstauces  it  seems  necessary  to  find  out 
what  has  been  done  in  the  past  upon  this  important  subject,  and 
what  may  be  the  relations  of  past  work  to  the  present  conditions, 
and  in  this  it  is  hoped  the  society  may  be  interested. 

ACETONE. 

It  is  impossible  to  determine  when  or  where  acetone  was  first 
made  and  used.*  According  to  the  authority  last  given,  after 
the  time  of  Boerhaave  in  1732,  '*the  body  was  but  little  investi- 
gated until  1805,  when  Trommsdorff  stated  that  on  distilling  ace- 
tate of  potash  or  soda,  a  liquid  was  obtained  whiqh  stands 
between  alcohol  and  ether.*'  In  1807  the  Brothers  Derosne  in 
Paris*  studied  its  properties;  and  in  1809  Chenevix'  demon- 
strated that  this  substance  was  obtained  by  the  dry  distillation 
of  any  one  of  the  acetates. 

The  correct  composition  of  acetone  was  first  given  by  Liebig* 
and  Dumas. ^ 

Further  investigations  by  Kane,  1838,  and  by  Chancel,  Wil- 
liamson, Chiozza,  Freund,  Wanklyn,  and  others,  still  more 
definitely  established  the  sources,  character  and  properties  of 
acetone,  and  gave  it  a  definite  chemical  and  economic  position 
so  that  its  production  or  manufacture  by  the  dry  distillation  of 
acetates  was  as  well  known  as  the  production  of  alcohol  by  dis- 
tillation from  fermented  sugars,  as  early  as  1848,  when  Bottger 
refers  to  it  as  a  market  article  in  common  use.  Wackenroder,* 
in  1848,  states  that  since  acetone  is  quoted  on  the  price  lists  at 
ten  sgr.  (Silbergroschen)  per  ounce,  the  preparation  of  chloro- 
form from  it  is  well  worth  recommending. 

In  "  Handworterbuch  der  reinen  und  angewandten  Chemie 
herausgegeben  von  Dr.  J.  Liebig,  Dr.  J.  C.  Poggendorff  und  Dr. 
Fr.  Wohler — Redigirtvon  Dr.  Hermann  Kolbe,  Braunschweig," 
1842,  Vol.  II,  p.  1018,  is  the  following  (translated)  statement: 

According  to  Justus  Liebig  and  Pelouze,  the  best  thing  to  use 

1  See  WurU'  Dictionnaire  de  Chimie,  1873.  <•  3i ;   Gmelin :  Handbook  of  Cbemittry. 
i\'>5.  9i  I :  Roscoe  and  Schorleminer  :  A  Treatise  on  Chemistry,  i88a,  5,  [i],  568. 
•i  Ann.  de  Ckim'.,  63.  267. 

*  Ann.  der  Phys..  3a,  191. 

*  Ann.  Pfiarm.,  i,  223. 

ft  Ann.  Chim.  Phys.,  49,  208. 
^Archiv.der Pharm.,  53,  273. 
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for  the  preparation  of  acetone  is  concentrated  acetic  acid,  which 
in  the  state  of  vapor  is  conducted  through  a  heated  tube  of  glass, 
porcelain  or  iron,  which  for  the  sake  of  increasing  surface,  is 
filled  with  pieces  of  charcoal,  and  the  products  of  decomposition 
are  condensed  in  the  usual  way.  The  tube  should  be  heated 
only  to  incipient  redness ;  at  a  higher  temperature  only  empyreu- 
matic  oils,  combustible  gases  and  chafcoal  are  obtained  as  the 
products  of  the  decomposition. 

Beside  the  citations  given,  the  literature  on  the  preparation, 
properties  and  reactions  of  acetone  is  very  copious  and  definite 
up  to^about  1853.  After  this  date  the  papers  published  are  com- 
paratively few,  leading  to  the  inference  that  the  substance  had 
reached  a  definite  position  and  gone  into  general  use. 

In  a  paper  by  Prof.  Samuel  P.  Sadtler,  Ph.D.,  **0n  Recent 
Improvements  in  the  Methods  for  the  Manufacture  of  Chloro- 
form,** published  in  The  American  Journal  0/ Pharmacy  ior  July, 
1889,  p.  321,  the  following  statements  are  made: 

"The  old  process  of  manufacture  by  the  action  of  bleaching 
powder  upon  alcohol  has  given  way  to  what  is  now  termed  the 
*  acetone*  process.  This  is  not,  however,  a  ney^'  discovery. 
Liebig,  in  1832,  in  following  up  his  first  account  of  the  proper- 
ties of  the  newly  discovered  **  chloride  of  carbon  **  (chloroform) 
mentions  that  it  can  be  gotten  in  very  large  quantities  by  the 
action  of  bleaching  powder  upon  '  pyroacetic  spirit*  (acetone) 
as  well  as  from  alcohol.  That  alcohol  has  all  this  time  been 
preferred  to  acetone  as  a  material  from  which  to  prepare  chloro- 
form is  due  mainly  to  the  fact  that  only  in  recent  years  has  ace- 
tone been  prepared  pure  in  quantity,  but  also  to  the  erroneous 
statement  of  Siemerling,  quoted  in  the  works  of  reference  like 
Watts'  Dictionary  of  Chemistry,  that  only  thirty-three  per  cent, 
of  chloroform  could  be  gotten  from  acetone  by  the  action  of 
bleaching  powder.*'  .  .  .  "The  manufacture  of  a  purer 
grade  of  acetone  than  that  then  in  use  for  solvent  purposes,  hav- 
ing been  begun  in  Germany  in  1881,  on  the  part  of  the  *  Vereinf 
ftir  Chemische  Industrie.'  Liebig's  old  suggestion  for  the  manu- 
facture of  chloroform  from  acetone  was  taken  up  by  the  *  Verein 
Chemischer  Fabriken,*  Mannheim,  Germany,  in  the  beginning 
of  1882,  and  a  year  later  by  the  first  mentioned  company  which 
made  the  acetone  for  both." 
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From  these  references  it  will  be  seen  that  the  reactions 
involved  in  the  production  of  acetone,  and  the  constitution, 
character,  properties  and  reactions  of  acetone  had  been  long  and 
well  known  prior  to  1848,  and  that  it  had  been  made  and  util- 
ized on  a  large  scale  prior  to  1882  ;  and  further,  that  it  had  been 
produced  both  by  the  dry  distillation  of  acetates,  and  by  the  wet 
distillation  of  acetic  acid,  as  a  matter  of  open  knowledge  and 
practice. 

This  condition  of  the  scientific  knowledge  of  an  important 
chemical  substance  throughout  France  and  Germany — and 
throughout  the  scientific  world — makes  it  very  certain  that  the 
chemical  industries,  which  depend  upon  such  knowledge  for  their 
origin  and  progress  in  general,  but  do  not  publish  their  pro- 
cesses— availed  themselves  of  this  knowledge  and  of  this  chemi- 
cal agent. 

In  June,  1886,  application  was  filed  in  the  U.  S.  Patent  Office, 
and  two  years  later,  in  July ,  1888,  Letters  Patent  No.  385,777 
were  issued  to  Gustav  Rumpf  for  the  invention  of  a  '  *  new  and 
useful  Improvement  in  the  Manufacture  of  Acetone,"  and  from 
the  specifications  and  claims  of  this  patent  the  following  extracts 
are  made : 

''In  making  acetone  by  dry  distillation  of  acetates,  as  acetate 
of  lime,  it  has,  before  my  invention,  been  thought  possible  to 
obtain  only  less  than  half  the  acetone." 

"  Dr.  Herman  Hager,  in  his  Handbuch  der  Pharmaceutischen 
Praxis,  published  in  Berlin  in  1882,  states  under  the  head  of 
'Acetone,'  '  that  it  is  possible  to  obtain  an  average  yield  from 
chemically  pure  acetate  of  lime  of  only  fifteen  per  cent,  of  ace- 
tone, while  the  theoretical  yield  from  chemically  pure  acetate  of 
lime  is  thirty-four  per  cent.*  " 

"  I  have  discovered  that  if  the  acetates  are  subjected  for  distil- 
lation to  a  low  heat  and  approximately  uniform  temperature  and 
the  process  extended  over  several  hours,  the  yield  of  acetone  will 
I  be  greatly  increased,  and  will  approach  very  nearly  the  theoreti- 
cal yield  of  any  particular  acetate,  which  in  the  case  of  good 
gray  or  commercial  acetate  of  lime  is  about  twenty-seven  p6r 
cent.  I  have  also  discovered  that  in  the  process  of  subjecting 
acetates  in  a  closed  vessel  to  heat  applied  externally  to  the  vessel 
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for  distilling  acetone  from  the  acetates  the  desired  slowness  of 
distillation  and  uniformity  of  temperature  may  be  secured  by 
stirring  the  acetates  so  that  all  portions  of  the  mass  will  be  sub- 
jected to  the  heat  resulting  from  direct  contact  with  the  bottom 
of  the  vessel,  and  by  admitting  free  steam  from  time  to  time  into 
direct  contact  with' the  acetates  in  case  of  any  undesirable  rise 
in  temperature  within  the  vessel." 

"My  invention  consists  in  an  improvement  in  the  method  of 
obtaining  acetone  from  acetates  by  destructive  distillation,  con- 
sisting in  subjecting  the  acetates  in  a  closed  vessels  to  slow 
destructive  distillation  at  a  low  and  approximately  uniform  tem- 
perature, and  it  is  also  well  to  stir  the  acetates  during  such  dis- 
tillation." 

The  claims  are  to — 

"The  improvement  in  the  method  of  obtaining  acetone  from 
an  acetate  consisting  in  subjecting  the  acetate  in  a  closed  vessel 
to  slow  destructive  distillation  at  a  low  and  approximately  uni- 
form temperature." 

This  first  broad  claim  is  based,  not  upon  the  chemical  reaction 
which  was  well  known,  nor  upon  the  destructive  distillation  by 
heat,  which  was  a  well  known  process,  but  upon  an  improve- 
ment in  the  apparatus  and  management  by  which  the  yield  of 
acetone  was  alleged  to  have  been  increased.  But  the  evidence 
upon  which  the  increase  is  claimed  is  an  erroneous  statement 
quoted  from  Hager — erroneous  because  it  is  hardly  practicable 
through  any  ordinary  degree  of  want  of  knowledge  and  skill  to 
obtain  ^so  little  as  fifteen  per  cent,  of  acetone  from  acetate  of 
lime. 

The  second  claim  is  to  a  stirrer  in  its  effects  on  the  process. 
But  ft  stirfer  is  a  device  so  common  in  chemical  processes  that 
no  such  application  of  it  can  be  considered  original  or  new. 

The  third  claim  to  the  effect  of  the  introduction  of  steam  dur- 
ing the  distillation  is  much  better. 

The  fifth,  sixth,  seventh  and  eighth  claims  are  to  improvement 
in  the  process  of  purifying  the  crude  acetone  by  means  of  lime, 
dilution  and  rectification,  and  these  are  but  the  steps  common 
to  all  such  operations. 

It  is  upon  this  patent  that  infringement  is  charged,  when  it  is 
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simply  putting  into  use  the  very  old  process  of  making  acetone 
by  the  destructive  distillation  of  acetic  acid  in  a  rotary  still  as 
described  in  a  paper  on  *'  Improvement  in  the  Manufacture  of 
Acetone,"  read  before  this  New  York  Section  of  the  American 
Chemical  Society  on  January  11,  1895,  and  published  in  the 
Journal  for  March,  1895,  p.  187,  and  in  An  Ephemeris  of  Mate- 
ria Medica,  Pharmacy^  Therapeutics  and  Collateral  Information^ 
Vol.  IV,  No.  3,  p.  1653. 

The  writer  makes  acetone  by  the  destructive  distillation  of  the 
watery  vapor  of  acetic  acid  in  a  rotary  still,  in  the  presence  of 
barium  carbonate  or  pumice-stone  or  bone-charcoal,  barium  car- 
bonate being  preferred,  because  being  a  very  heavy  powder,  a 
larger  charge  of  smaller  volume  can  be  used. 

The  patentees  claim  only  acetates  as  their  material,  but  claim 
infringement  by  the  use  of  acetic  acid,  because  acetic  acid  is 
made  from  acetates,  and  acetates  are  made  from  acetic  acid  ;  and 
secondly,  claim  infringement  on  the  ground  that  acetate  of 
barium  is  first  formed,  and  then  decomposed  in  the  rotary  still, 
and  therefore  the  process  is  really  not  a  destructive  distillation  of 
acetic  acid,  but  of  barium  acetate — one  of  the  class  of  acetates 
claimed  as  .secured  to  them  by  their  patent,  although  in  use  for 
this  purpose  for  so  many  years.  That  is,  it  is  claimed  that  an 
acetate  of  barium  is  formed  under  conditions  of  temperature  in 
which  an  acetate  of  barium  cannot  exist.  Barium  acetate 
decomposes  at  about  400"  to  405"  C.  by  an  ordinary  pyrometer. 
Acetic  acid  is  best  decomposed  at  about  500"^  to  525*"  C.  by  the 
same  pyrometer,  and  yet  it  is  claimed  that  at  500'*  C.  barium 
acetate  forms  momentarily  and  then  is  instantly  decomposed. 
That  is,  it  is  formed  in  an  atmosphere  in  which  it  cannot  exist 
for  an  instant,  and  in  which  acetic  acid  cannot  exist.* 

'  Upon  this  point  the  patentees  were  very  decided  in  the  statement, 
based  not  only  on  their  own  experience,  but  also  on  the  experience  of  their 
German  correspondents,  that  if  the  barium  carbonate  was  replaced  by 
pumice-stone  the  amount  of  acetone  obtained  would  be  too  small  to  have 
any  commercial  importance.  This  result  had  been  confirmed  to  them  by 
so  many  trials  that  at  their  suggestion,  and  in  order  to  satisfy  them  that 
their  results  were  not  trustworthy,  the  following  experiments  were  made 
after  the  above  paper  was  written,  but  1>efore  it  was  published. 
The  large  rotary  still  was  emptied  and  cleaned  out  by  sweeping,  scrap- 
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But,  quite  apart  from  this,  the  chemical  reaction  by  which  ace- 
tone is  produced,  whether  from  acetates  or  from  acetic  acid,  was 
well  known  for  more  than  half  a  century  before  the  date  of  this 
patent.  What  is  really  covered  by  the  patent  is  certain  speci- 
fied and  described  apparatus  and  management  whereby  an 
improved  3rield  is  to  be  obtained  from  acetates,  and  from  acetates 
only,  for  the  apparatus  and  management  are  not  at  all  applica- 
ble to  the  use  of  acetic  acid,  and  are  not  used  either  in  form  or 
substance. 

ACETONE-CHLOROFORM. 

The  history  of  acetone-chloroform  dates  distinctly  back  to 
1832.  In  the  AnnaUn  der  Pharmacies  tSj2^  21,  198,  Liebig 
describes  the  preparation  of  chloroform  in  hirge  quantity,  from 
given  proportions  of  hypochlorite  of  lime,  water,  and  alcohol, 
and  he  says  the  yield  will  be  equal 'in  weight  to  the  alcohol 
used.  He  then  goes  on  to  say  that  chloroform  may  also  be  ob- 
tained in  large  quantity  by  treating  acetone  with  hypochlorite  of 
lime  under  the  same  conditions. 

ingi  and  finally  by  sponging  with  water  until  it  was  quite  free  from  any 

appreciable  quantity  of  barium  salt.     It  was  then  closed  and  run  empty 

with  a  continuous  feed  of  acetic  acid  for  periods  of  three  hours  each,  at 

the  following  temperatures,  the  rate  of  feeding,  and  the  assaying  for  acid 

and  acetone  being  approximate  only,  and  only  trustworthy  by  averaging. 
At  300*  C.  33.3  pounds  of  absolute  add  was  run  in  aiid 

19.5  •*  "  "  **  •*  received  without  any  acetone  or  any  e\"i- 
dence  of  decomposition  of  the  acid,  the  3.8  pounds  of  acid  not  accounted 
for  beins^  the  normal  charge  of  the  apparatus. 

At  350*  C.  3S  3  pounds  of  ab»   lute  ncid  was  run  in  and 

38.1        "        •*         *•  "    came  throuifh  with  no  sipns of  any  decompo- 

sition,—no  acetone. 
At  400*  C.  36.1  pounds  of  absolute  acid  was  run  in  and 

29.9       •*       "  '       '*    received "undecomposed,  leaWnif 

76.3  "  "    decompo.sed,  and  this  decom)>o.sed  acid  {^ave 

97  per  cent,  of  the  acetone  required  by  theory. 
At  450*  C.  35.1  pounds  of  absolute  ncid  was  run  in  and 
•  185       '■        "  '*         **        "    received  undecomposed,  leaving 

r6.6         '        "  "  decomposed,  which  apparent!}'  Rave  112  per 

cent,  of  the  acetone  required  bj-  theory. 
At  500*  C.  41.4  pounds  of  absolute  acid  was  fed  in  and 

lo.K        "        ••  '    received  undecomposed,  lea\-iug 

30.6  •*  '*  '"  "  decomposed,  which  apparently  gave  104  per 
cent.,  of  the  acetone  required  by  theory. 

At  5.50  C-  40.4  pounds  of  absolute  acid  was  fed  in  and 

5.1        "        "  "        "    received  undecomposed,  leaWug 

35.7  '•  "  •'  "  decompo.sed,  which  apparently  gave  82  per 
cent,  of  the  acetone  required  by  theory. 
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Liebig  does  not  give  the  yield  from  acetone,  but  after  giving 
the  yield  from  alcohol  as  being  equal  in  weight  to  the  alcohol 
used,  he  says  it  is  obtained  in  large  quantity  from  acetone. 

In  1835  Dumas  and  Peligot*  state  that  when  a  solution  of 
hypochlorite  of  lime  is  distilled  with  wood  spirit  there  is  obtained, 
as  a  matter  of  fact,  some  ordinary  chloroform.  The  experiment 
is  as  easy  as  with  alcohol  or  acetone. 

Then  a  run  of  twenty-four  hours  was  made  at  the  last  temperature,  550^ 
C.  to  give  opportunity  for  closer  determinations  of  results. 
331  pounds  of  absolute  acid  was  fed  in  and 
57.3       **       "         '*         •*       •*    received  undecomposed,  leaving: 
26:^.7       "       "         ••         "    decomposed,  which  apparenUy 
gave  97  per  cent,  of  the  acetone  required  by  theory. 
The  still  was  then  opened,  charged  with  i^o  pounds  of  coarsely  ground 

pumice-stone,  and  a  parallel  series  of  experiments  made. 
At  300*  C.  418  pounds  of  absolute  acid  was  fed  in  and 

39.1        "       '•  "         **       •'    received  undecomposed,  leaving 

2.7  '*       *•  "         '*    decomposed,  which  apparently  crave  33.5  per 
cent,  of  the  acetone  required  by  theory. 

At  350*  C.  39.6  pounds  of  absolute  acid  was  fed  in  and 

34-8       "       •*  '*         "       ••    received  undecomposed,  leaving 

4.8  **       "    '      "         *'    decomposed,  which  apparently  gave  87.5  per 
cent,  of  the  acetone  required  by  theory. 

At  400*  C.  41. 8  pounds  of  absolute  acid  was  fed  in  and 

28.5       '•       "  "         ••       "    received  undecomposed,  leaving 

13.3       *•       "  **        **    decomposed,  which  apparently  gave  97  per 

cent,  of  the  acetone  required  by  theory. 
At  450*  C.  41. 8  pounds  of  absolute  acid  was  fed  in  and 

13:0       '*       '•  *•         **       "    received  undecomposed,  leaving 

28. 8       '*       "  "         '*    decomposed,  which  apparenUy  gave  95  per 

ceut.  of  the  acetone  required  by  theory. 
At  500*  C.  4.3.4  pounds  of  absolute  acid  was  fed  in  and 

8.8  '•  '•         ••       '•    received  undecomposed,  leaving 

346       "       "  "         "    decomposed,  which  apparenUy  gave  96.4  per 

cent,  of  the  acetone  required  by  theory. 
At  550*  C.  43>4  pounds  of  absolute  acid  was  fed  in  and 

7.4       *'       ■*  "         "       "    received  undecomposed,  leaving 

36.0  "  "     decomposed,  which  apparenUy  gave  100  per 

cent  of  the  acetone  required  by  theory. 

Then  a  run  of  twenty-fbur  hours  was  made  at  the  last  temperature,  550^ 
C,  as  a  check  upon  the  previous  results. 

345.5  pounds  of  absolute  acid  was  fed  in  and 

69.5       "       received  undecomposed,  leaving 

276.0       **  "         '•    decomposed,  which  apparenUy  gave  104  per 

cent,  of  the  acetone  required  by  theory. 

This  last,  and  three  other  impossible  results  are  as  yet  unexplainable, 
but  they  may  be  reasonably  charged  to  the  uncertainties  in  the  use  of  an 
hydrometer  and  the  iodoform  process  of  assaying. 

1  Ann.  Chim.  Phys..,  58,  15. 
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Uebig  in  his  text-book'  gives  a  formula  arid  directions  for  the 
manufacture  of  chloroform  from  either  acetone,  alcohol,  or  wood 
spirit,  and  g^ves  to  acetone  the  leading  place. 

M.  Bonnet',  at  a  meeting  of  the  Academy,  says,  **  I  have 
obtained  in  the  distillation  of  equal  parts  of  acetate  of  lime  and 
hypochlorite  of  lime,  in  a  stone  retort,  a  very  large  quantity  of 
chloroform,  and  far  more  easily  thao  by  the  methods  of  prepara- 
tion that  are  known. 

Dr.  Reich'  proposed  and  used  hypochlorite  of  sodium  in  place 
of  hypochlorite  of  lime  on  account  of  the  uneven  amount  of 
chlorine  in  the  latter.  He  distilled  together  two  pounds  each  of 
hypochlorite  and  acetate  of  sodium  and  received  five  to  six  drams 
of  chloroform  and  twelve  to  fourteen  ounces  of  acetone  and 
water.  This  latter  was  again  distilled  with  four  to  six  ounces  of 
hypochlorite,  and  again  a  considerable  amount  of  chloroform 
and  acetone  was  received.  The  last  operation  was  repeated 
with  a  new  portion  of  hypochlorite,  and  then  the  total  amount  of 
chloroform  was  eight  to  ten  ounces,  with  still  some  excess  of 
acetone  for  future  operations. 

Acetone  when  distilled  with  sodium  hypochlorite  yields 
chloroform  in  the  proportion  of  four  ounces  of  acetone  to  five  to 
five  and  one-half  ounces  of  chloroform. 

Prof.  Bottger^  distilled  together  equal  quantities  of  commer- 
cial bleaching  powder  and  crystallized  sodium  acetate  and 
obtained  chloroform  and  acetone.  Then  he  distilled  the  excess 
of  acetone  with  a  fresh  portion  of  bleaching  powder  and  had 
"  great  joy  in  seeing  from  this  second  operation  a  very  consider- 
able quantity  of  the  purest  chloroform  distil  over  together  with 
some  acetone  still  undecomposed."  The  excess  of  acetone  was 
again  distilled  with  fresh  bleaching  powder  and  the  process 
repeated  until  by  three  to  four  distillations  all  the  acetone  was 
used.  The  yield  of  chloroform  being  about  four  ounces  to  each 
pound  of  bleaching  powder. 

Chloroform  made  directly  from  acetone,  which  he  says  is  at 
present,  1848,  to  be  had  in  the  market,  is  obtained  in  the  propor- 

&  Tndtf  dc  Chimie  Orsaniques,  1,  576. 

>  L'lnstitut,  No.  196  Pebnuir,  1837. 

<  Archiv,  djtr.  Pharmacies  Zweite  Reihe,  1^4^,  S5«  ^S* 

«  Polytechniscbes  Notisblatt.  /J^.  3.  i. 
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tion  of  one  ounce  and  two  drams  of  chloroform  from  one  ounce 
of  acetone. 

Still  in  the  year  1848  Prof.  Heinrich  Wackenroder,'  one  of 
the  editors  of  the  Archiv,  says  in  substance  :  ''  The  great  prac- 
tical interest  in  chloroform  at  the  present  time  calls,  first  of  all, 
for  a  closer  examination  of  the  methods  for  making  it.  There- 
fore I  have  induced  Mr.  Siemerling  to  undertake,  in  my  labora- 
tory, some  experiments  relating  to  the  preparation  of  chloro- 
form which  are  in  the  most  recent  publications  on  the  subject. 
Although  these  experiments  have  in  no  respect  given  the  results 
which  were  hoped  for,  it  nevertheless  seems  to  be  worth  while 
to  call  attention  to  them  for  the  sake  of  the  future  continuation 
of  the  subject. ' ' 

Then  follows  the  paper  of  Mr.  V.  Siemerling,  and  at  page  26  : 
*'II.  Preparation  of  Chloroform  from  Acetone." 

*'  According  to  the  statement  of  Prof.  Bottger,  one  ounce  of 
acetone,^  which  has  been  mixed  with  hypochlorite  of  lime  to  a 
pasty  mass,  should  give  one  ounce  and  two  drams  of  chloroform. 
As  this  seemed  to  be  an  easy  and  advantageous  method  of  pre- 
paration, some  experiments  were  made  with  acetone  procured 
from  the  factory  of  Trommsdorflf,  in  Erfurt,  but  they  diid  not 
accord  with  the  statement  of  Bottger.'* 

*'In  the  first  experiment  (a)  thirty  grams  of  acetone  were 
mixed  with  fifty  grams  of  hypochlorite  of  lime  and  fifty  grams 
of  water  and  distilled.  The  chloroform  was  separated  and  recti- 
fied with  concentrated  sulphuric  acid.  The  yellow  chloroform 
thus  obtained  was  again  rectified  from  burnt  lime  when  it  had  an 
empyreumatic  odor — quartity  not  given.*' 

In  experiment  (3)  thirty  gram  of  acetone,  120  of  hypochlorite 
and  enough  water  to  make  a  pasty  mass,  were  mixed  and  dis- 
tilled. It  is  true  much  chloroform  came  over,  but  there  was 
also  undecomposed  acetone  as  well.  It  was  repeatedly  washed 
with  water  and  rectified  over  calcium  chloride,  in  which  rec- 
tification there  was  a  pretty  large  loss  every  time,  but  the  num- 
ber of  times  is  not  given.     The  yield  was  nine  grams. 

Experiment  {c) ,  since  in  both  experiments  undecomposed  ace- 
tone distilled  over  the  quantity  (proportion)  of  hypochlorite  was 

1  Archiv.  der  Pharmacie,  1848,  54,  23. 
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increased,  and  thirty  grams  of  acetone  to  150  grams  of  hypo- 
chlorite, with  water,  were  mixed  to  a  pasty  mass,  allowed  to 
stand  twenty-four  hours,  and  were  then  distilled.  The  product 
contained  much  chloroform,  but  also  undecomposed  acetone  ; 
therefore  it  was  put  back  into  the  retort  with  forty  grams  of 
irtsh.  hypochlorite  and  again  distilled.  The  chloroform  thus 
obtained  still  contained  acetone,  from  which  it  was  purified  by 
repeated  washing  with  water,  and  then  rectified  over  calcium 
chloride.     The  yield  was  ten  grams  of  chloroform. 

Another  experiment  (d)  is  given  wherein  twenty  grams  of 
acetone  and  sixty  grams  of  hypochlorite  were  distilled  together 
without  water,  but  with  unfavorable  result,  the  yield  being  six 
grams  of  chloroform. 

The  specific  gravity  of  the  chloroform  obtained  from  acetone, 
after  repeated  rectifications  over  calcium  chloride  was  only 
1.31,  and  it!  always  contained  some  acetone ;  and  the  largest 
yield  by  Bottger's  process  was  one-third  of  the  acetone  used. 
This  differs  considerably  from  his  statement  that  one  part  of 
acetone  yielded  one  and  one-fourth  parts  of  chloroform. 

Siemerling  than  goes  on  to  say,  that  if  we  assume  with  Lie- 
big,  that  acetone  is  composed  of  one  atom  of  acetyl  oxide  and  one 
atom  of  methyl  oxide,  and  explain  in  this  way  the  formation  of 
chloroform,  from  methyl  oxide  it  naturally  follows  that  w^e  must 
get  less  chloroform  than  the  acetone  used. 

The  sum  of  the  elements  of  one  atom  of  acetyl  oxide  =:C^H.O 
and  one  atom  of  methyl  oxide  =CjH,0  is  equivalent  to  two  atoms 
of  acetone  =  C,H,,0,.  In  thirty  grams  of  acetone  there  are 
therefore  11.8  grams  of  methyl  oxide, which,  since  four  atoms  of 
methyl  oxide  consist  of  the  same  elements  as  two  atoms  of  alco- 
hol, can  form  15. i  grams  of  chloroform,  assuming  that  complete 
decomposition  takes  place. 

According  to  the  theory,  half  of  the  acetone  used  must  be 
recovered  as  chloroform  ;  but  since  in  the  practical  manufacture 
of  chemical  products  the  quantity  prescribed  by  theory  is  never 
obtained,  it  should  be  considered  a  favorable  result  when  one- 
third  of  the  acetone  used  is  obtained  as  chloroform,  especially 
as  the  experiments  were  made  only  on  the  small  scale. 

From  these  experiments,  it  follows  that  the  preparation  of 
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chloroform  from  acetone  is  quite  unfit  for  practical  use.  Were 
even  the  quantity  of  chloroform  stated  by  Bottger  as  obtainable 
from  acetone  possible,  it  would  have  the  disadvantage  of  being 
freed  from  acetone  with  very  great  difficulty. 

The  paper  of  Siemerling,  from  which  the  above  abstract  is 
made,  seems  to  have  received  the  endorsement  of  Wackenroder, 
although  it  controverts  the  statements  of  both  Reich  and  Bott- 
ger, and  it  may  be  from  his  high  authority  as  much  as  from  the 
paper  [itself  that  the  results  seem  to  have  been  accepted  and 
quoted  by  Gmelin/  Watts,'  and  other  reference  authorities,  and 
the  influehce  of  the  publication  seems  to  have  been,  ^  far  as 
the  literature  of  the  subject  goes,  to  prevent  or  obstruct  the  ace- 
tone process  for  many  years.  As  it  was  so  long  and  so  well- 
known,  manufacturers  may  have  been,  and  probably  were  using 
the  process  privately,  but  up  to  1881-1883'  very  little  informa- 
tion on  the  subject  is  found.  Still  the  work  and  the  conclu- 
sions of  Siemerling  must  have  been  known  to  be  grossly  errone- 
ous by  every  one  whose  interest  it  became  to  try  them.  Calcu- 
lations would  show  to  anyone  that  when  ordinary  acetone  and 
bleaching  powder  were  used  the  proportions  required  are  about 
one  to  ten,  or  about  double  the  largest  proportion  of  hypochlo- 
rite used  by  Siemerling,  and  the  resulting  chloroform  should  be 
about  double  the  weight  of  the  acetone  used ;  and  many  who 
preceded  Siemerling  knew  better  than  he  how  to  save  and  util- 
ize the  great  excess  of  acetone,  or  deficiency  of  hypochlorite 
taken. 

But  the  Siemerling  results  were  very  faulty  and  very  mislead- 
ing in  other  respects.  The  present  writer  having  learned  from 
all  the  work  of  the  past  on  the  subject,  that  any  excess  of  ace- 
tone used  could  be  easily  recovered  and  used  again,  added  to 
this  knowledge  from  his  own  experience  the  fact,  that,  where  an 
excess  of  acetone  was  taken,  the  hypochlorite  was  more  eco- 
nomically and  more  promptly  utilized,  and  the  resulting  chloro- 
form was  cleaner.  Having  gained  from  the  Siemerling  process 
this  step  the  writer  was  prepared  to  try  that  proportion  and  pro- 
cess critically,  and  he  found  that,  as  a  table  experiment,  it  was 

1  Handbook  of  Chemistry,  Vol.  VII,  346. 
s  Dictionary  of  Chemistry,  /S8j,  i,  918. 
«  Sadtler,  i4M.y.  Pharm.^July^  1889,  321. 
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quite  impracticable  by  any  reasonable  degree  of  mismanagement 
to  obtain  so  low  a  result.  In  two  fairly  careless  trials  from 
thirty  grams  of  ninety-six  per  cent,  acetone  the  yield  of  chloro- 
form was  twenty-three  g^ams  in  one  case  and  thirty-two  grams 
in  the  other,  instead  of  Siemerling's  ten  grams.  In  larger  trials 
of  his  proportions  up  to  280  pounds  of  absolute,  acetone  to  one 
cask  of  1400  pounds  of  thirty-three  per  cent,  bleaching  powder 
in  one  charge  the  yield  was  not  less  than  200  pounds  of  chloro- 
form, and  about  130  pounds  of  recovered  acetone,  thus  proving 
conclusively  the  gravity  of  the  unaccountable  errors  of  the  Sie- 
merling  ^ork,  and  showing  a  basis  for  the  mischief  done  by  this 
bad  work. 

Looking  back  from  this  later  day  at  the  authoritative  way  in 
which  these  mistakes  and  misstatements  of  Siemerlingwere  pub- 
lished and  quoted,  it  is  easy  to  see  that  nothing  could  be  better 
adapted  to  obstruct  or  prevent  any  increase  in  the  general  pro- 
duction of  acetone-chloroform,  and  to  confine  its  productions  to 
those  manufacturers  who  were  using  the  process  secretly. 

One  of  the  definite  evil  consequences  of  this  Siemerling  paper 
was  the  adoption  of  its  erroneous  results  as  the  basis  of  the  fol- 
lowing patent. 

On  June  23,  1886,  Gustav  Rumpf  applied  for  a  patent,  and  on 
July  5th,  1888,  patent  No.  383,992  was  issued  to  him  for  the 
invention  of  '*  A  New  and  Useful  Improvement  in  the  Manufac- 
ture of  Chloroform  from  Acetone,*'  of  which  the  following  is  a 
specification:  '*  The  essential  feature  of  this  invention  is  based 
on  the  discovery  that  acetone  when  treated  in  the  proper  wa}* 
with  a  hypochlorite — for  example  chloride  of  lime — ^will  yield  a 
larger  quantity  of  chloroform  than  has  been  heretofore  known. 
Watts,  in  his  Dictionary  of  Chemistry,  edition  of  1883,  !»  918, 
says  that  the  manufacture  of  chloroform  from  acetone  cannot 
usefully  be  carried  out,  not  only  because  the  price  of  acetone  is 
too  high,  but  particularly  because  acetone  yields  about  thirty- 
three  per  cent,  of  its  own  weight  of  chloroform  when  it  is  treated 
with  chloride  of  lime.  Watts  distilled  thirty  grams  of  acetone  with 
150  grams  of  chloride  of  lime,  and  rectified  the  watery  distillate 
with  forty  grams  of  chloride  of  lime.  I  have  discovered  a  method 
whereby  it  is  possible  to  obtain  a  yield  of  chloroform  from  ace- 
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tone  very  much  greater  than  that  obtained  by  Watts.  I  have 
found  that  the  reaction  may  be  made  to  take  place  in  such  a 
way  that  one  equivalent  of  acetone  will  yield  one  equivalent  of 
chloroform  by  volume,  or  about  i8o  per  cent,  by  weight,  and 
the  advantages  of  my  invention  may  be  secured  in  a  greater  or 
less  degree  by  properly  employing  with  about  fifty-eight  pounds 
of  acetone  more  than  300  pounds  of  good  chloride  of  lime.  The 
best  results  and  greatest  yield  of  chloroform  can,  as  I  have  found, 
be  obtained  by  the  use  of,  say,  fifty-eight  pounds  of  acetone  to 
at  least  600  pounds  of  a  good  chloride  of  lime  containing  about 
thirty-five  per  cent,  of  available  chlorine,  and  in  pr^ortion  if 
the  chloride  of  lime  is  poorer.  The  yield  of  chloroform  will 
then  be  from  150  per  cent,  to  180  per  cent,  of  the  weight  of  the 
acetone  employed  instead  of  about  thirty-three  per  cent. 

Then  follow  claims  for  invention  of  diluting  the  acetone  and 
of  introducing  it  periodically  during  the  process — of  introducing 
it  below  the  surface  of  the  solution  in  the  still — of  the  use  of  a 
mechanical  stirrer,  and  of  the  use  of  a  still  and  condenser  which 
are  described  and  figured. 

The  basis  upon  which  this  patent  rests,  for  its  reason  to  be,  is 
the  quotation  from  Watts*  Dictionary.  Watts  quotes  the  pro- 
cess from  GinelitCs  Handbook^  and  Gmelin  quotes  it  from  Siemer- 
ling's  Paper  in  the  Archiv  der  Phaftnacie,  1848^  54,  26.  Now, 
as  the  paper  and  quotations  are  grossly  erroneous,  and  as  writers 
of  preceding  papers  publish  results  that  approximate  those  of 
the  patent,  it  might  reasonably  be  asked  what  is  the  value  of 
the  patent.  But  the  present  writer,  while  intending  to  make 
acetone-chloroform,  very  earnestly  desires  to  avoid  all  question 
in  regard  to  the  validity  of  this  patent,  and  therefore  uses  the 
Watts  (Siemerling)  process,  which  is  outside  the  limit  claimed 
by  the  patent,  with  an  entirely  different  apparatus  and  manage- 
ment described  by  him  in  1857,  and  republished  in  Epheineris, 
4,  [i]  71. 

It  is  proposed  to  use  charges  of  280  pounds  of  absolute  ace- 
tone to  1 ,400  pounds  of  thirty-five  per  cent,  bleaching  powder, 
one  to  five — to  pass  the  resulting  chloroform  through  scrubbers, 
then  distil  it  through  water,  then  distil  it  from  a  small  portion  of 
bleaching  powder,  then  pass  it  through  sulphuric  acid  scrubbers. 
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and  finally  rectify  it  in  three  fractious,  the  large  middle  fraction 
being  accepted,  and  the  others  being  worked  over. 

A  part  of  the  great  excess  of  acetone  taken  in  the  one  to  five 
proportion  is  recovered  by  continuing  the  distillation  after  the 
chloroform  is  all  over.  Another  part  is  recovered  in  the  wash 
water  from  the  scrubbers  and  the  distillation,  and  the  small 
remainder  is  decomposed  by  the  small  proportion  of  bleaching 
powder,  the  total  amount  recovered  being  practically  not  far 
from  the  total  excess. 

To  this  recovered  acetone,  carefully  assayed,  new  acetone  is 
added  to  make  up  the  280  pounds  for  the  next  charge. 

The  patentees  were  invited  to  see  this  apparatus  and  process 
in  order  to  convince  them  that  there  is  a  strong  desire  to  avoid 
any  color  of  infringement  by  taking  the  Siemerling  proportions 
which  are  excluded  from  their  patent.  But  they  took  the  ground 
that  this  was  a  mere  evasion,  or  getting  round  their  patent  by 
using  the  excess  of  acetone  over  again,  and  could  not  be  made 
to  see  that  this,  if  objectionable,  is  so  by  defect  in  the  equitj^  of 
the  patent,  and  is  a  proceeding  that  ante-dated  the  patent  by 
many  years.  And  finally  they  covered  everything  by  claiming 
that  the  patent  secured  to  them  the  sole  right  to  make  chloro- 
form from  acetone  in  the  United  States,  thus  claiming  a  reac- 
tion that  had  been  well  known  for  more  than  fifty  years. 

As  to  the  reasons  wlij^  large  manufacturers  of  chloroform  did 
not  avail  themselves  earlier  of  the  acetone  process,  the  first 
answer  is  that  it  is  probable  that  many  of  them,  in  Germany,  at 
least,  did  so  secretly  as  soon  as  acetone  became  cheaper  than 
alcohol. 

But,  as  to  other  more  positive  reasons,  the  writer,  as  hav- 
ing been  for  many  years  a  large  manufacturer  from  alcohol,  and 
as  having,  with  all  other  makers,  given  up  the  manufacture 
rather  than  contest  this  patent,  can  only  speak  for  himself.  He 
for  many  years  doubted  the  identity  of  alcohol  and  acetone- 
chloroform,  and  doubted  whether  the  latter  was  as  easily  puri- 
fied for  use  as  the  former,  so  that  when  chloroform  was  oflfered 
to  him  at  so  low  a  price  as  to  insure  that  it  was  made  from  ace- 
tone it  was  refused.  Chloroform  has  always  been  a  most  impor- 
tant agent,  and  during  the  earlier  part  of  its  career  the  numer- 

(4) 
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ous  fatalities  from  its  use  were  charged  to  its  impurities,  so  that 
the  alcohol  process  was  adhered  to  until  the  identity  of  the  pro- 
ducts from  alcohol  and  acetone  was  fully  proved, — ^not  only 
chemically,  but  also  by  surgical  experience  of  considerable 
duration.  Then  as  time  passed  and  the  subject  came  up  for 
research  and  reconsideration,  the  Siemerling  results  came  up 
also  and  settled  the  question  against  acetone. 

Finally  Dr.  Gustav  Rumpf,  a  German,  and  an  employ^  for 
some  years  in  an  acetone-chloroform  manufactory  in  Germany, 
where  there  is  no  patent,  came  to  this  country,  took  out  these 
patents  and  assigned  them  to  the  present  holders,  so  that  now 
for  the  past  seven  years  or  more  any  one  making  acetone-chloro- 
form in  this  countrj'  b)'  processes  that  had  been  free  and  largely 
used  in  Germany  for  many  years,  was  liable  to  prosecution  for 
infringement. 

Having  any  general  knowledge  of  the  histor}'  of  acetone  and 
acetone-chloroform,  it  is  difficult  to  understand  how  such 
patents  could  be  issued  that  would  claim  to  control  the  propor- 
tions of  well  known  chemical  materials  in  long  known  chemi- 
cal reactions.  But  such  patents  were  issued,  and,  therefore, 
command  respect.  That  the  processes  were  not  used  earlier  in 
this  country  may  be  charged  chiefly  to  the  endorsements  of  the 
Siemerling  paper ;  and  that  the  patents  appear  to  have  been  so 
long  acquisced  in  is  due  to  the  circumstance  that  any  one  who 
might  contest  them  would  do  so  at  great  cost  of  money,  time  and 
annoyance  in  defensive  litigation,  which,  if  successful,  would 
secure  the  benefits  equally  to  many  manufacturers,  and  to  the 
public  in  lower  prices  of  the  products,  whilst  the  contestant 
would  bear  all  the  costs. 

In  seeking  new  outlets  for  acetic  acid  the  writer  determined  to 
convert  the  acid  into  chloroform,  and  determined  also  to  respect 
these  patents.  In  the  intermediate  step  of  making  acetone,  ace- 
tic acid  was  used,  not  to  evade  the  patents^  but  because  by  its 
use  the  impurities  of  the  crude  acetates  of  lime  were  avoided,  and 
a  larger  yield  of  better  acetone  was  obtained.  In  the  use  of 
acetic  acid  instead  of  the  acetates  of  the  patent  an  entirely  dif- 
ferent apparatus  and  management  are  required  and  used,  and  if 
the  patent  did  not  exist  the  writer  would  not  use  either  its  appa- 
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Tatus  or  management,  but  wouM  prefer  the  rotary  still  and  the 
continuons  process. 

With  regard  to  the  other  step  wherein  the  acetone  is  converted 
into  chforoform,  this  is  accomplished  by  a  reaction  that  was  long 
and  well  known  before  the  date  of  the  patent,  and  the  proper 
portions  of  the  material  required  for  the  reaction  were  easily 
obtainable  by  calculation,  and  this  knowledge  also  ante-dated 
the  patent.  The  patent  then  simply  covers  a  specially  devised 
and  described  apparatus  and  management  which  the  writer  does 
not  use  and  does  not  want  to  use  even  if  they  were  not  patented, 
but  much  prefers  his  old  form  of  apparatus  and  management 
described  in  1857,  and  used  for  many  years  in  making  alcohol 
chloroform.  And  the  successful  use  of  this  apparatus  and  man- 
agement for  acetone  chloroform  is  simply  in  accordance  with  the 
statement  of  Liebig,  in  1832,  that  acetone  oould  be  successfully 
used  under  the  same  conditions  as  alcohol. 
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THE   HYDROXIDES  OF   QUATERNARY   NITROGEN   BASES  IN 

GENERAL. 

TETRAMETHYL  and  tetraethyl  ammonium  hydroxides 
were  well  described  by  their  discoverer,  A.  W.  Hofmann,* 
in  185 1.  Their  crystallization  in  a  vacuum,  their  behavior  as 
alkalies  in  reaction  with  the  metallic  salts,  and  their  conversion 
to  carbonates  upon  exposure  to  the  air  were  then  set  forth. 
Various  quaterary  bases  of  mixed  formation  from  methyl, 
ethyl,  amyl  and  phenyl  were  made  by  Hofmanu  at  the  same 
time.  The  tetrapropyl  ammonium  hydroxide  was  first  described 
by  Roemer,  in  1873.' 

The  decomposition  of  quaternary  ammonium  hydroxides  by 
heat  was  reported  upon  by  A.  W.  Hoffmann,  in  1881,^  also  by 
Lawson  and  Collie,  in  1888.^^ 

1  Read  at  the  Cleveland  meeting. 

*  Phil.  Trans.,  /^/,  (a),  357;  Ann.  Chem.  (Uebig).  li,  253.  86,  992, 91,  33. 
s  M.  Roemer,  Ber.  d.  ekem.  Ges.,  6,  786. 

*  Ser,  d.  cium.  Get.,  14,  494. 
»y.  Ckem,  Soc.,  53.  634- 
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Pyridine  ethyl  hydroxide  was  mentioned  by  Anderson  in 
1855.'  The  methyl  hydroxide  was  reported  upon  by  A.  W. 
Hofmann  in  1881.'  In  this  relation  are  to  be  considered  the 
numerous  products  of  the  action  of  alkalies  upon  the  alkyl 
iodides  of  pyridine  and  quinoline,  obtained  by  Claus  and  by 
Decker,  mostly  in  1892  and  1893.'* 

PYRIDINE  PROPYI,  HYDROXIDE. 

Pyridine  propyl  iodide,  prepared  as  stated  in  another  paper 
from  this  laboratory,*  was  treated  with  moist  recent  silver  oxide, 
shaking  for  some  time  in  a  flask,  keeping  down  the  temperature. 
The  silver  oxide  for  all  this  work  was  made  by  precipitating  sil- 
ver nitrate  with  potassium  hydroxide  and  washing  the  precipi- 
tate until  the  washings  give  no  color  reaction  with  hematoxylin, 
to  ensure  the  removal  of  the  alkali.  Silver  oxide  is  sufl&ciently 
soluble  in  water  for  its  solution  to  color  litmus  or  phenolphtha- 
lein. 

On  filtering  out  the  silver  iodide,  the  solution  of  pyridine  pro- 
pyl hydroxide  was  colorless,  and  was  found  to  precipitate  salts 
of  lead,  silver,  copper,  iron,  aluminum,  chromium,  cobalt,  and 
nickel,  an  excess  of  the  hydroxide  dissolving  only  the  precipi- 
tates of  lead  and  of  aluminum,  these  reactions  agreeing  with 
those  of  fixed  alkalies.  In  parallel  treatment  with  pyridine  it 
was  found  not  to  precipitate  these  salts,  the  only  apparent  reac- 
tion with  any  of  them  being  a  blue  color  with  the  copper  salt. 
The  solution  of  pyridine  propyl  hydroxide  gave  the  alkaline 
reaction  with  the  following  indicators :  litmus,  phenolphtha- 
lein,  brazil  wood,  cochineal,  hematoxylin,  and  methyl  orange. 
Pyridine  gives  an  alkaline  reaction  with  all  these  indicators 
except  phenolphthalein  and  hematoxylin,  these  two  being  capa- 
ble of  use  in  a  volumetric  acid  estimation  of  the  pyridine  propyl 
hydroxide  in  presence  of  pyridine. 

On  heating  the  solution  of  the  pyridine  propyl  hydroxide  it 
acquires  a  red  color,  and  the  solid  residue  by  evaporation  has  a 
black  color,  dissolving  in  water  again  as  a  red  solution. 

1  Ann.  Chem,  (Uebig),  94,  361. 

2  Ber.  d.  chem.  Ges.,  14,  1498. 

^J.prakt.  Chem.  (2),  46,  106,  47.  a<^.  426;  Ber.  d.  chem.  Ges.,  as,  3326, 
*  A.  B.  Prescott,  this  Journal,  x8,  92. 
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PYRIDINE  ISOPROPYL  HYDROXIDE. 

This  base  was  prepared  in  the  same  manner  as  the  normal  propyl 
hydroxide,  and  it  was  found  to  give  the  same  reactions  with 
indicators  and  with  metallic  salts,  as  well  as  the  same  color  when 
evaporated. 

The  isopropyl'  base  has  been  elsewhere  stated  by  one  of  us  to 
fonn  a  more  stable  iodide,  of  higher  melting  point  and  lower 
solubilities,  than  the  iodide  of  the  normal  propyl  base,  and  the 
isopropyl  hydroxide  has  been  taken,  instead  of  the  normal  propyl 

hydroxide,  in  our  further  experimentation. 

« 

The  production  of  the  pyridine  isopropyl  hydroxide,  in  solu- 
tion, can  be  made  quantitatively  complete  as  a  base  saturating 
sulphuric  acid.  Weighed  portions  of  the  iodide  were  converted 
to  hydroxide  in  solution,  with  due  precautions  against  loss,  and 
the  liquid  titrated  with  tenth  normal  solution  of  sulphuric  acid, 
using  hematoxylin  and  cochineal,  respectively,  as  indicators, 
and  titrating  back  to  the  end  reaction  with  tenth  normal  solu- 
tion of  potassium  hydroxide.  The  hematoxylin  was  used  in  a 
titration  to  avoid  interference  by  free  pyridine,  should  this  be 
present  as  a  product  of  decomposition,  as  it  does  not  color  this 
indicator.  The  cochineal  was  used  because  it  is  an  indicator  of 
special  delicacy  for  titration  of  pyridine  alkyl  hydroxides. 

The  results  were  as  follows  :  the  percentage  of  hydroxide 
calculated  from  the  iodide  being  55.82,  the  percentage  of  hydrox- 
idey^ff^  by  titration  with  cochineal  was  55.25  and  55.88,  with 
hematoxylin  it  was  55.6  and  55.7. 

The  solution  of  pyridine  isopropyl  hydroxide,  on  evaporation 
to  dryness,  yields  a  black  residue,  which  is  permanent,  so  that 
after  standing  three  months  it  gives  with  metallic  salts  all  the 
reactions  of  the  hydroxide.  The  color  in  solution  changes  to 
red,  like  that  of  the  normal  propyl  hydroxide.  By  exposure  to 
the  air  it  is  steadily  converted  to  the  carbonate. 

When  the  solution  was  treated  for  some  time  with  carbon 
dioxide  gas,  then  evaporated  to  dryness,  the  residue  was  found 
to  bear  the  composition  of  a  normal  carbonate  of  the  univalent 
base.      This  composition    was    determined   from  the   amount 

^  Psrridine  Alkyl  Iodides,  this  Journsl,  18,  93. 
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of  carbon  dioxide  recovered  in  an  absorption  train,  in 
ratio  to  the  weight  of  iodide  taken  for  conversion  to  hydroxide. 
The  calculated  weight  of  carbon  dioxide  being  14.44  percent,  of 
(CjH^N.C,H,),CO„  there  were  obtained  14.99,  14.88,  and  14.79 
per  cent,  of  carbon  dioxide.  In  other  trials  the  carbonation  was 
incomplete,  reaching  only  to  9.3,  9.47,  and  10.  i  percent. 

In  no  case  was  the  full  quantity  of  pyridine  isopropyl  hydrox- 
ide obtained  in  weight  of  the  dry  residue,  although  the  evapora- 
tion was  conducted  under  different  conditions,  in  vacuum,  in  a 
stream  of  dry  air,  and  in  a  stream  of  dry  hydrogen.  In  the  case 
of  the  carbonate,  the  weight  of  the  residue  did  not  fall  below  the 
theoretical  quantity.  As  hydroxide  the  weight  of  the  residue 
always  fell  a  good  deal  short  of  the  full  quantity. 

Pyridine  isopropyl  platinum  chloride,  perfect  in  proportions, 
was  prepared  from  the  black  residue  left  on  evaporation  of  the  water 
solution  of  pyridine  isopropyl  hydroxide,  by  treatment  in  the 
usual  manner.  The  black  mass  was  dissolved  in  alcohol,  treated 
with  hydrochloric  acid  and  platinum  tetrachloride,  and  the  crys- 
talline precipitate  fitted  for  analysis.  Pine  crystals  were 
obtained,  not  melting  below  temperatures  which  cause  decompo- 
sition. 

Calculated  for  Pound. 

(C,H,N.C,HTCl),PtCl4.        I.  II.  III. 

Platinum 29.95  30.08        30.48        30.29 

Chlorine 32.58  32.50        32.39 

Ratio  of  CI  to  Pt 100:108  100:108      .  • . .        100:107 

Pyridine  isopropyl  sulphate,  the  normal  salt,  was  also  pre- 
pared in  fine  crystals,  by  adding  sulphuric  acid  to  the  hydroxide. 

In  various  efforts  to  obtain  the  pure  liydroxide  in  the  solid 
state,  crystalline  or  amorphous,  vacuum  desiccation,  freezing 
temperatures,  formation  in  absolute  alcohol  solution,  and  other 
agencies  were  successively  tried,  without  success.  Crystals 
were  not  obtained,  and  the  residue  was  always  dark  colored. 
Evaporation  in  a  stream  of  dry  hydrogen  yielded  a  residue  of 
the  same  weight  as  that  obtained  by  evaporation  in  a  stream  of 
dry  air. 

These  results,  so  far,  may  be  summarized  as  follows  : 

Pyridine  isopropyl  hydroxide  remains  in  aqueous  solution  tor 
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a  time  without  decomposition  or  loss  in  any  vay.  The  residue 
by  evaporation  of  this  solution,  in  air,  or  hydrogen,  or  vacuum, 
eoffltains  a  considerable  portion  of  the  unchanged  hydroxide, 
along  with  certain  decomposition  products  not  yet  determined. 
The  normal  carbonate  of  this  base,  its  normal  sulphate,  and  its 
platinum  chloride  are  easily  prepared  and  preserved. 
DmrouiTv  OP  M icHiOAif ■ 

ON  THE  REDUCTION  OF  SULPHURIC  ACID  BY  COPPER. 
AS  A  FUNCTION  OF  THE  TEHPERATURE.' 


THE  object  oi  the  experiments  described  in  this  paper  was  to 
determine  whether  the  reduction  of  sulphuric  to  sulphur- 
ous acid  by  copper  take  place  at  a  higher  or  a  lower  tempera- 
ture than  the  incipient  dissociation  of  the  former  compound  into 
water  and  the  acid  anhydride. 

The  sulphuric  acid  em-  ^^^^^ 
ployed  was  the  ordinary 
pure  product,  containing 
98.4  per  cent,  of  sulphuric 
add.  The  apparatus  il- 
lustrated in  the  adjoining 
figure  was  used. 

The  method  resorted  to  . 
was  to  heat  the  copper  with 
the  solphnric  acid  (in  flask 
B)  gradually  in  a  sulphuric 
add  bath,  while  passing  a 
dry  current  of  air  or  of  car- 
ban  dioxide  through  it. 
The  escaping  gas  was  then  ^ 

tested  (in  flask  C)  by  suit- 
able reagents,   to   t>e   de- 
scribed, for  sulphuric  and  sulphurous  acids  respectively.     Flask 
A  contained  concentrated  sulphuric  acid  at  the  ordinary  temper- 
ature (25°  C.)  to  dry  the  gas,  which  was  passed  at  the  rate  of 
about  eighty  bubbles  per  minute,  except  when  otherwise  men- 

IRcad  before  the  Iowa  Academy  of  aclencei,  January  a.  1S96. 


252  LAUNCELOT   ANDREWS. 

tioned.  The  importance  of  securing  absence  of  dust  being  recog- 
nized, the  whole  interior  of  the  apparatus  was  washed  with 
boiling  concentrated  sulphuric  acid,  then  with  water  and  dried 
in  dustless  air. 

Experiment  I, — Flasks  A  and  B  were  charged  with  concen- 
trated sulphuric  acid  and  C  with  a  solution  of  barium  chloride. 
Air  was  drawn  through  the  whole  in  a  slow  current  for  fifteen 
minutes.  The  solution  C  remained  clear.  B  was  now  ver>' 
slowl}'  heated,  while  the  current  of  air  was  maintained.  Before 
the  bath  reached  70**  C.  there  appeared  in  Ca  faint  turbidity  of 
barium  sulphate  which,  at  the  temperature  named,  became  dis- 
tinct, but  at  60°  C.  the  solution  remained  unchanged  even  after 
passing  the  air  for  a  long  time.  Hence,  sulphuric  'acid  of  the 
given  concentration  begins  to  give  up  sulphur  trioxide,  that  is, 
it  begins  to  dissociate  at  a  temperature  lying  between  60**  and 
70°  C.  and  nearer  to  the  latter. 

Experiment  II, — The  apparatus  was  charged  as  before,  with 
the  addition  of  pure  bright  copper  wire  in  B  and  with  highly 
dilute  iodide  of  starch  in  C  instead  of  barium  chloride.  After 
passing  air  for  several  hours  at  the  ordinary  temperature,  much 
of  the  copper  had  gone  into  solution  and  anhydrous  copper  sul- 
phate had  crystallized  out,  but  the  iodide  of  starch,  made  origi- 
nally very  pale  blue,  retained  its  color. 

This  shows  that  in  the  presence*  of  air  sulphuric  acid  is 
attacked  by  copper  at  ordinary  temperatures,  but  without  reduc- 
tion of  the  acid.  The  reaction  must  take  place  in  accordance 
with  the  equation, 

2Cu  +  O,  +  2H,S0,  =  2CuS0,  +  2H,0. 

Experiment  III. — This  was  like  the  last,  except  that  the  appa- 
ratus was  filled  with  carbon  dioxide'  and  a  current  of  this  gas 
was  substituted  for  air.  The  copper  was  not  attacked  and  the 
starch  iodide  was  not  decolorized.  The  temperature  of  B  was 
now  slowly  raised,  and  when  it  reached  90**  C.  the  solution  in  C 
was  bleached. 

In  a  similar  experiment  a  solution  of  dilute  sulphuric  acid 
colored  pale  straw  yellow  with  potassium  bichromate  was  used 
as  an  indicator  for  sulphurous  acid  in  C.  In  this  case  the  change 

1  Freed  from  oxygen  by  bubbling  tbtt>ugh  ctaromous  acetate. 
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of  color  did  not  occur  until  the  temperature  had  risen  to  108®  C, 
the  indicator  being,  as  might  be  expected,  less  sensitive  than  the 
other. 

Experiment  IV, — This  resembled  III,  except  that  a  reagent 
for  both  sulphuric  and  sulphurous  acid  was  used  in  C.  This 
reagent  was  prepared  by  slightly  acidifying  a  semi-normal 
solution  of  barium  chloride  with  hydrochloric  acid  and  then  add- 
ing enough  potassium  permanganate  to  render  the  solution  pale 
rose  color.  This  indicator  is  capable  of  showing  the  presence  of 
considerabb'  less  than  0.0 1  milligram  of  sulphurous  acid. 

When  the  temperature  of  the  bath  had  reached  70**  C.  the  solu- 
tion in  C  was  distinctly  turbid  with  barium  sulphate,  but  its 
color  was  unaltered.  At  86"  it  began  rather  suddenly  to  bleach, 
and  at  87°  it  was  colorless.  Special  care  was  taken  in  filling  B 
not  to  get  any  sulphuric  acid  on  the  neck  or  sides  of  the  flask. 
A  repetition  of  this  experiment  gave  identical  results,  the  gas 
being  passed  at  the  rate  of  two  or  three  bubbles  per  second. 

The  conclusions  to  be  drawn  from  this  investigation  are  : 

First.  That  the  dissociation*  of  sulphuric  acid  of  98.4  per 
cent,  begins  to  be  appreciable  at  a  temperature  somewhat  below 
70**,  which  may  be  estimated  at  67°  C. 

Second.  The  reduction  of  sulphuric  acid  by  copper  does  not 
begin  below  86°,  that  is  not  until  the  acid  contains  free  anhy- 
dride. 

The  assertion  made  by  Baskerville'  that  sulphuric  acid  is 
reduced  by  copper  at  ct  is,  therefore,  incorrect.  He  appears  to 
have  based  the  statement,  not  on  any  demonstration  of  the  form- 
ation of  sulphurous  acid,  but  solely  on  the  formation  of 
copper  sulphate,  which  occurs  as  I  have  shown'  in  con- 
sequence of  the  presence  of  air.  I  believe  that  a  repeti- 
tion of  his  experiments  under  conditions  securing  entire 
absence  of  oxygen  can  but  lead  him  to  a  conclusion  different 
from  that  to  which  he  now  adheres. 

^Ttae  appearance  of  barium  sulphate  in  Ccan  not  be  accounte<l  for  by  an  assumed 
volatility  of  aulpliuric  acid  as  such,  but  only  by  its  dissociation,  because  yolatilised  sal- 
phone  acid  would  condense  in  the  cold  tube  between  B  and  C,  since  it  has  been^  shown 
that  the  acid  was  not  appreciably  volatile  at  the  temperature  of  the  latter.  Hence  only 
the  anhydride  could  i>ass  this  cold  tube  and  appear  as  sulphuric  acid  in  C. 

>  This  Journal.  17, 908. 

VTraube  has  shown  the  same  thin^  for  dilute  sulphuric  acid.     Ber.  d.  chem.  Gfs„  1%, 
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The  fact  adduced  by  him  that,  under  certain  conditions, 
cuprous  sulphide  may  be  formed  by  the  action  of  the  metal  upon 
sulphuric  acid  does  not  allow  any  conclusions  to  be  drawn 
respecting  the  presence  of  **  nascent'*  hydrogen,  since  it  maybe 
explained  perfectly  well,  either  by  the  direct  reducing  action  of 
the  copper  or  by  Traube's  theory,  which  is  backed  up  by  almost 
convincing  evidence.' 

Stannous  chloride  will  reduce  sulphuric  acid  with  formation 
of  hydrogen  sulphide,  sulphurous  acid  and  free  sulphur :  an 
analogous  reaction  in  which  the  assumption  of  *  *  nascent ' '  hydro- 
gen is  inadmissible. 

I  hope  to  complete  before  long  another  series  of  experiments, 
now  under  way,  which  will  form  in  a  future  communication  a 
further  contribution  to  the  subject  of  the  present  paper. 

THE  OXIDATION  OF  51LVER. 

By  CHARLB8  B.  Wait. 
Received  January  17.  1896. 

IN  a  former  paper*  I  had  occasion  to  call  attention  to  the  lai^e 
amount  of  silver  present  in  a  sample  of  bismuth  litharge 
from  a  western  smelting  and  refining  company.  The  silver  in  this 
instance  estimated  in  the  metallic  state  was  2.94  per  cent. 

There  was  some  doubt  expressed  as  to  the  condition  in  which 
the  silver  existed,  it  being  usually  reported  in  the  metallic  state. 
Upon  investigation  it  was  found,  as  was  shown  in  the  piaper 
referred  to,  that  the  silver  did  not  exist  wholly  in  the  metallic 
state,  but  partly  in  another  form,  probably  the  oxide. 

The  conclusions  reached  at  that  time  were  based  upon  the  fol- 
lowing experiments : 

1 .  A  weighed  sample  of  the  litharge  was  boiled  in  acetic  acid 
for  about  half  an  hour,  the  solution  was  filtered,  and  the  fil- 
trate gave  no  reaction  for  silver. 

2.  Same  as  above,  but  with  continued  boiling,  the  filtrate 
gave  no  reaction  for  silver. 

3.  A  sample  was  placed  in  cold  acetic  acid,  kept  there  for 
half  an  hour,  then  heated  to  boiling,  the  solution  was  filtered, 
the  lead  was  precipitated,  and  in  the  filtrate  silver  was  found  to 
exist,  corresponding  to  19.25  per  cent,  of  the  silver  in  the  lith- 
arge.    Other  determinations  gave  closely  agreeing  results,  and 

1  Moritz  Traube,  loc.  cit.  and  Bfr,  d,  chem.  Ges.^  i8,  1877. 
s  Trans.  Am.  Inst.  Min.  Bug.,  15. 
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it  is  interesting  to  note  that  the  residues  contained  grains  of 
metallic  lead,  or  argentiferous  lead. 

Iliave  placed  the  following  interpretations  upon  the  above  results: 

In  Nos.  I  and  2  if  any  silver  in  any  form  was  dissolved  in  the 
acetic  acid,  it  was  in  turn  reprecipitated  by  boiling,  in  the  pres- 
ence of  metallic  lead. 

In  No.  3  the  silver  dissolved,  did  not  in  all  probability  exist 
in  the  metallic  state  ;  and  in  this  case  was  not  precipitated  by 
the  lead,  or  argentiferous  lead,  the  solution  being  brought  merely 
to  the  boiling  temperature. 

I  have  been  led  to  the  above  interpretations  by  showing  that 
neither  metallic  silver  reduced  to  fine  subdivision  by  mechanical 
means,  nor  silver  freshly  prepared  by  zinc  from  silver  chloride  is 
soluble  .in  acetic  acid,  while  argentic  oxide  is  soluble  in  that 
acid  ;  and  a  solution  of  silver  oxide  in  acetic  acid  was  precipi- 
tated completely  by  metallic  lead  upon  boiling. 

If  the  oxides  are  decomposed  at  a  temperature  of  300°  C./  or 
less,'  how  may  we  account  for  the  existence  of  this  substance  in 
aproduct  so  highly  heated  as  the  litharge  from  the  refining  furnace? 

Berthier^  has  observed  that  lead  may  be  oxidized  by  oxide  of 
copper,  when  melted  together,  and  further  consideration  of  the 
subject  shows  that  certain  metals  may  be  oxidized  by  being 
melted  with  an  oxide  of  another  metal,  this  oxidation  depending 
in  all  probability  upon  the  excess  of  the  oxide  present.  Silver 
does  not  appear  to  be  oxidized  by  oxide  of  copper  if  the  results 
in  experiment  No.  18  are  trustworthy. 

According  to  Foumet's  experiments^  silver  is  not  an  excep- 
tion to  the  metals  to  which  litharge  gives  up  a  part  of  its  oxy- 
gen when  fused  with  them  for  a  considerable  time. 

While  it  is  true  that  in  the  process  of  cupellation  there  is  a  loss 
of  silver  due  possibly  to  oxidation,  yet  I  do  not  find  any  losses 
even  in  the  most  exaggerated  cases  at  all  comparable  with  the 
percentages  of  silver  oxide  which  I  have  been  able  to  produce  by 
a  simple,  yet  possibly  new,  method. 

It  seemed  to  me  an  interesting  problem  to  ascertain,  if  possi- 
ble, the  conditions  under  which  silver  may  be  oxidized  at  a  high 

1  RoMCOc  and  Schorlemmer,  Vol.  II,  Part  I. 

s/.  Oum.  5oc.,  69, 3x6. 

s  Crookea  and  Rohrig,  Metallurgy. 
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temperature,  and  the  conditions  under  which  the  oxide  of  silver, 
if  thus  formed,  would  remain  as  such. 

Some  interesting  work  has  been  done  along  a  similar  line,' 
that  is,  a  study  of  those  oxides  which  are  stable  at  high  tempera- 
ture, and  those  which  are  decomposed,  but  under  neither  head 
does  silver  seem  to  have  been  discussed. 

So  few  observations  have  been  made  along  this  exact  line,  as 
far  as  I  have  seen,  that  I  have  been  induced  to  make  some  inves- 
tigations with  a  view  to  throw  light  upon  the  subject,  if  possible. 

The  general  method  of  conducting  the  experiments,  I  will 
briefly  state  as  follows  :  Metallic  silver  in  minute  subdivision 
was  incorporated  with  one  of  the  several  bodies  mentioned  below, 
this  mixture  was  put  in  a  cupel  of  bone  ash,  or  in  a  scorifier, 
and  then  placed  in  the  muffle  of  an  assay  furnace  and  subjected 
to  an  oxidizing  heat. 

After  this  operation  the  mass  was  removed  to  a  mortal,  pul- 
verized, then  digested  with  acetic  acid  to  boiling,  the  solution 
was  filtered  ;  in  case  a  lead  compound  had  been  used,  the  lead 
was  removed  by  sulphuric  acid,  hydrochloric  acid  was  then 
added.  The  silver  chloride  thus  formed  was  filtered,  dried,  and 
wrapped  in  least  pure  lead  foil  and  then  carefully  cupelled. 

There  was  thus  obtained  the  silver,  which  was  converted  to 
argentic  oxide, — at  least  I  assume  it  to  be  such, — and  it  is  inter- 
esting to  note  that  the  amount  of  silver  converted  to  oxide,  and 
tabulated  below,  shows  a  very  great  range,  in  fact  from  only  a 
trace  to  as  much  as  thirty-nine  per  cent,  of  the  silver  used. 

This  variation  seems  dependent  upon  a  number  of  conditions, 
namely  :  the  body  with  which  the  silver  was  mixed,  duration 
and  condition  of  heat,  whether  low,  medium,  or  high  tempera- 
ture. As  I  did  not  use  a  pyrometer  to  ascertain  the  tempera- 
ture during  these  experiments,  I  have  thought  it  desirable  to 
indicate  the  degree  of  heat  approximately  by  such  terms  as  '*low," 
**  medium,"  and  **  high,"  referring  to  the  condition  of  the  heat 
as  usually  obtained  in  the  muffle  in  the  assay  of  silver. 

I  append  herewith  several  tables  of  experiments  and  results: 

ly.  Chem.  Soc.,  April,  1894. 
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Table  A. 

No.  ex-   Ag  in  Condition     Per  cent.  Ag. 

periment.  gram.  Heatedlwith.  Time  of  heat.  of  heat.        as  AgiO. 

I        0.5         2.5  grams  MnO,.  6omin.  medium         9.40 


2  0.5  5.0 

3  0.5  2.5 

4  0.5  2.5 

5  0.5  2.5 

6  0.5  2.5 


MnO,.  60    •*  **  7.78 

Fe,Oj-  60    '*  "  none. 

Bi,0,.  60 

ZnO.  60 

CaCO,.  60 


ti  «f  It 

it  ((  <( 

H  <l  <f 


From  the  above  it  will  be  seen  that  silver  oxide  was  pro- 
duced, and  remained  as  such  where  manganese  dioxide  was  used 
and  in  no  other  case  ;  it  would  also  seem  that  this  oxide  was 
made  at  the  expense  of  the  manganese  dioxide  and  not  by  atmos- 
pheric oxidation,  nor  does  it  seem  to  have  been  produced  in 
experiment  3,  (certainly  not  remaining  as  such)  assuming  the 
possible  conversion  of  Fe,0,  to  Fe,0^.* 

Table  B. 

No.  ex-    Ag.  in  Condition     Per  cent.  Ag. 

periment.  gram.  Heated  with.  Time  of  heat.         of  heat.         asAgfO. 

7  0.5        7.5  grams  MnO,.  30  min.         medium.        34.16 

8  0.5      lo.o     **      MnO,.  30     **  **  18.84 


9        0.5        3.0     **      CaCO,.  60      *'  '*  none. 

10        0.5        3.0      "      Fe  6c> 


II  II  II 


The  above  results  show  that  silver  oxide  was  produced  in  the 
presence  of  manganese  dioxide  only  ;  that  less  duration  of  heat 
than  in  Table  A  gives  the  amazingly  large  per  cent,  of  that  oxide, 
and  it  furthermore  seems  that  the  oxide  produced  is  not  in  pro- 
portion to  the  manganese  dioxide  used,  but  the  reverse  condi- 
tion is  generally  seen  in  each  set  of  experiments. 


Tabi,b  C. 

No.  ex-    Ag.  in 

Condition 

Per  cent.  Ag 

periment.  gram. 

Heated  with. 

Time  of  heat. 

of  heat. 

as  AgsO. 

II           0.5 

I  gram  MnO,. 

2.5  min. 

high. 

32.24 

12          0.5 

2  grams  MnO,. 

2.5     '• 

(1 

34.28     ' 

13          0.5 

2      "       MnO,. 

20      •* 

K 

11.72 

The  above  experiments  show,  other  conditions  being  the 
same,  the  longer  the  duration  of  the  heat  the  less  oxide  there  is 
produced. 

ly.  Chem.  Soc.,  65,  313. 
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Tablb  D. 

No.  ex- 

Ag. in 

Condition 

Per  cent.  Ag. 

periment. 

gram. 

, 

Heated  with. 

Time  of  Jieat. 

of  heat. 

as  A|f,0. 

14 

0.5 

5  grama 

l^bO. 

10  min. 

medium. 

38.85 

15 

0.5 

4 

(< 

PbO,. 

10    " 

i< 

35" 

16 

0.5 

3 

«< 

BaO,. 

5    " 

<( 

12.28 

17 

0.5 

7 

If 

BaO,. 

10    •* 

high. 

a. 04 

18 

0-5 

4 

«i 

CuO. 

12    ** 

(1 

noae. 

In  Nos.  14  and  15  the  mixtures  were  placed  in  scorifiers,  and 
covered  with  ten  grams  of  lead  oxide. 

In  Nos.  16  and  17  the  mixtures  were  placed  in  cupels  and 
covered  with  two  grams  of  barium  dioxide. 

It  is  interesting  here  to  notice  that  barium  dioxide  serves  as  an 
oxidizing  agent ;  that  the  amount  of  silver  oxide  produced 
decreases  probably  both  with  increase  of  time  and  temperature. 

Although  lead  dioxide  may  readily  give  up  a  part  of  its  oxy- 
gen and  thereby  be  converted  into  a  lower  oxide,  yet  the  amount 
of  silver  oxide  produced  was  no  greater  than  with  lead  oxide 
alone  ;  this  is  an  interesting  illustration  of  the  property  of  lead 
oxide  to  serve  as  a  possible  carrier  of  atmospheric  oxygen,  pro- 
ducing silver  oxide  in  a  manner  similar  to  that  of  the  two  bodies, 
manganese  dioxide  and  barium  dioxide,  liberating  oxygen.  In 
the  case  of  lead  oxide.  No.  14,  if  dissociation  is  not  possible' 
even  at  so  high  a  temperature  as  1750^  C,  it  seems  most  reason- 
able to  account  for  its  peculiar  oxidizing  action,  as  mentioned 
above  ;  viz.,  as  a  carrier  of  atmospheric  oxygen.  Although 
copper  oxide  has  been  shown  to  yield  up  a  part  of  its  oxygen  at 
1500**  C,  yet  I  find  no  evidence  of  silver  oxide  existing  in  experi- 
ment 18  in  the  remaining  ignited  mass. 


Table  E. 

No.  ex-    AgiO.  iu 

Condition 

Per  cent.  Af . 

periment.  irra>n> 

Heated  with.                Time  of  heat. 

of  heat. 

as  Ag,0. 

19     o.5Ag,0. 

5  grams  MnOf              60 min. 

medium. 

3^-4 

20     0.5  Ag,0. 

3      **      Fe.                   60    *' 

i( 

0.3 

21     o.5Ag,0. 

3      *'       CaCO,.             y)    •* 

K 

0.2 

In  Table  K  a  variation  was  made  in  the  nature  of  the 
experiment.  Freshly  prepared  silver  oxide  was  used  ;  while 
this  oxide  was  completely  decomposed  upon  being  heated  gently 
upon  a  porcelain  lid,  yet  in  No.   19  where  manganese  dioxide 

ly.  Ck^M.  Soc.,  65.  316. 
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was  used,  it  will  be  seen  that  36.4  per  cent,  of  this  silver  oxide 
completely  escaped  decomposition. 

The  above  results,  in  connection  with  others  along  a  similar 
line,  have  induced  me  to  believe  that  attention  has  not  hereto- 
fore been  directed  to  the  ease  with  which  silver  may  be  oxidized 
by  lead  oxide,  and  particularly  by  substances  which  give  up  a 
part  of  their  oxygen  upon  gentle  ignition,  such  as  manganese 
dioxide  and  barium  dioxide.  Is  it  not  then  reasonable  to  assume 
that  certain  losses,  or  irregularities  in  the  treatment  of  silver  and 
its  compounds,  may  be  due  to  this  cause? 
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THE  DETERMINATION  OF  THE  SOLID  FAT  IN  ARTIFICIAL 
MIXTURES  OF  VEGETABLE  AND  ANIflAL  FATS 

AND  OILS. 

By  J.  H.  Waixwrioht. 
Received  Kelmuiry  z,  1896. 

IT  will  readily  be  conceded  by  most  analysts  that  there  is  no 
subject  in  analytical  chemistry-  presenting  more  difficulties 
than  the  examination  and  anal3'sis  of  the  fixed  oils  and  fats. 
This  is  especially  true  in  the  case  of  mixtures  of  oils  of  different 
origin,  and  there  is  probably  no  problem  more  difficult  to  solve 
in  most  cases  than  the  analysis  of  such  a  mixture  when  even 
approximately  correct  quantitative  results  are  required. 

It  is  only  within  a  comparatively  recent  period  that  the  inves- 
tigations of  the  chemist  have  been  especially  directed  to  this 
branch  of  research  as  formerly  the  character  and  identity  of  a 
sample  of  unknown  origin  was  chiefly,  but  very  doubtfully, 
established  by  means  of  obscure  color  reactions  and  one  or  two 
simple  determinations,  such  as  specific  gravity,  melting  point, 
etc. 

At  present,  however,  the  investigations  of  many  learned 
chemists  have  shown  that  determinations  of  the  chemical  and 
physical  properties  of  a  sample,  such  for  example  as  the  com- 
bining weight  of  fatty  acids,  the  percentage  of  iodine  the  sam- 
ple will  absorb,  the  percentage  of  volatile  fatty  acids,  etc.,  will 
yield  results  by  which  may  be  established,  in  most  cases  with 
reasonable  accuracy,  the  fact  as  to  whether  it  is  a  simple  oil  or 
fat,  such  as  olive,  linseed,  lard,  butter,  etc.,  and  if  so  its  iden- 


26o  J.    H.    WAINWRIGHT. 

tity  and  quality;  or,  if  adulterated,  to  determine  ^ith  a  fair 
degree  of  accuracy  the  character  and  probable  extent  of  adulter- 
ation. This  is  especially  the  case  when  a  mixture  consists  of 
but  two  oils  or  fats,  one  of  which  is  known,  in  which  case  a  few 
quantitative  determinations  will  usuall}'  enable  the  analyst  to 
readily  ascertain  its  approximate  composition. 

If  a  sample,  however,  consists  of  a  mixture  of  more  than  two 
oils  or  fats,  any  statement  of  its  composition  calculated  from  the 
results  of  such  determinations  as  above  mentioned  u'ould  be  of 
extremely  doubtful  accuracy  in  any  case,  even  if  one  of  the  con- 
stituents were  known,  and  even  then  it  would  be  at  best  but  a  broad 
approximation  owing  to  the  variations  in  chemical  and  physical 
properties  exhibited  in  different  specimens  of  the  same  kind  of 
oil. 

Some  years  ago  samples  of  compound  lard  for  export  were  sub- 
mitted to  the  United  States  Laboratory  for  analysis  with  a  view 
to  determining  the  relative  proportions  of  its  constituents  in 
order  that  the  claim  of  the  exporter  for  **  drawback  **  of  duties 
paid  on  one  of  its  constituents  might  be  verified. 

This  **  compound  lard*'  or  "lard  compound"  has  in  recent 
years  become  an  important  article  of  commerce  and  consists 
essentially  of  cotton-seed  oil  and  oleostearin  made  from  beef  fat 
mixed  in  different  proportions ;  and  sometimes  containing  a  small 
percentage  of  genuine  lard.  Its  composition  is  variable  accord- 
ing to  the  brand  and  particular  formula  by  which  compounded, 
but  is  generally  about  as  follows  : 

Per  cent. 

Olestearin 20  to  30 

Cottonseed  oil 70  to  80 

or 

Oleostearin 18  to  30 

Lard 10  to  20 

Cottonseed  oil 65  to  75 

In  the  first  case  determinations  of  the  properties  of  the  sample 
would  disclose  its  composition  with  reasonable  accuracjs  but  in 
the  second  case  considerable  time  was  spent,  I  might  almost  say 
wasted,  in  making  a  long  series  of  these  determinations,  both 
on  the  samples  themselves  and  on  mixtures  made  in  the  labora- 
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tory  in  accordance  with  the  fonnula  for  comparison,  without 
arriving  at  any  satisfactory  conclusions,  until  finally  a  very  sim- 
ple method  for  the  analysis  or  rather  assay  of  these  'Mard  com- 
pounds" was  devised,  which  up  to  the  present  time  seems  to 
yield  fairly  satisfactory  results. 

About  150  grams  of  the  sample  is  placed  in  a  beaker  and 
heated  in  a  boiling  water  bath  until  entirely  melted.  The  water 
is  kept  boiling  for  at  least  one  hour  and  is  then  allowed  to  cool 
gradually  without  removing  the  beaker  from  the  bath  until  the 
temperature  is  reduced  to  about  js'^-So'*  F.  It  is  then  allowed 
to  stand  for  at  least  twelve  hours  in  a  moderately  warm  place. 

In  practice  the  beaker  immersed  in  the' warm  water  of  the 
bath  is  left  standing  in  the  laboratory  over  night  at  the  ordi- 
nary room  temperature  which  is  usually  all  that  is  necessary 
excepting  in  very  warm  weather  when  the  temperature  should 
be  reduced  by  artificial  cooling. 

This  process  causes  the  solid  fat  to  crystallize,  which  being 
accomplished,  fifty  grams  of  the  sample  is  weighed  from  the 
beaker  after  its  contents  have  been  thoroughly  mixed  by  means 
of  a  glass  rod  or  spatula,  and  is  carefully  wTapped  in  a  double 
thickness  of  Canton  flannel  in  which  it  is  subjected  to  pressure 
in  a  small  screw  press. 

The  presisure  should  be  applied  very  gradually,  especially  at 
first,  and  should  be  continued  until  the  screw  has  been  forced 
down  as  tightly  as  possible.  After  standing  a  few  minutes  to 
permit  the  oil  to  drain  off,  the  contents  of  the  press  are  removed 
and  the  cake  of  solid  fat,  consisting  essentially  of  stearin,  is 
easily  separated  from  the  cloth  in  which  it  is  wrapped  and  can 
then  be  weighed. 

The  press  used  is  called  *'  Osborne's  Patent  Beef  Press,** 
and  can  be  obtained  in  almost  any  hardware  store,  and  is  used 
for  domestic  purposes,  such  as  the  preparation  of  **beef  tea,'* 

etc. 

The  length  of  time  required  is  usually  at  least  one  hour,  and 
the  temperature  seems  to  be  a  matter  of  comparative  indifference 
provided,  of  course,  extremes  are  avoided. 

No  great  accuracy  is  claimed  for  this  method,  and  that  it  is 
based  on  any  thing  like  strictly  scientific  principles  remains  to 
(5) 
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be  proved,  but  the  following  results  will,  I  think,  show  that  it 
is  what  it  is  claimed  to  be,  i,  e,^  a  useful,  if  rough  method  for  the 
assay  of  these  manufactured  compounds,  and  it  is  especially 
valuable  as  a  preliminary  operation  in  the  more  extended  pro- 
cess of  analysis. 

Mixtures  of  the  various  ingredients,  f.  ^.,  oleostearin,  lard  and 
refined  cottonseed  oil  were  made  in  the  laboratory,  of  which  the 
following,  as  well  as  many  others,  are  typical  examples  : 

No.  I. 


Oleostearin 20 

Lard 10 

•  Cottonseed  oil 70 

No.  2. 

Oleostearin 25 

Lard 10 

Cottonseed  oil • ^  •  •  •  65 

No.  3. 

Oleastearin 25 

Cottonseed  oil 75 

No.  4. 

Oleostearin 24 

Lard 10 

Cottonseed  oil 66 

which,  when  assayed  by  the  above  described  method,  yielded 
respectively : 

Number.  Per  cent 

1 19.6 

2 25.2 

3 25.8 

4 25.2 

The  following  are  the  results  obtained  with  samples  of  differ- 
ent formulas  submitted  for  analysis  : 

Sample  A. 

Percent 
Oleostearin 30 

Cottonseed  oil • 70 

Samfuc  B. 

Oleostearin 25 

Lard 10 

Cottonseed  oil 65 
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Sample  C. 

Oleostearin 25 

Cottonseed  oil 75 

Sample  D. 

Oleostearin 25 

Lard 10 

Cottonseed  oil 75 

Sample  E. 

Oleostearin * 25 

Cottonseed  oil 75 

Sample  F. 

Oleostearin 23 

Lard 10 

Cottonseed  oil 67 

Sabcple  G. 

Oleostearin 23 

Lard 10 

Cottonseed  oil 67 

Sample  H. 

Oleostearin 24 

Lard 10 

Cottonseed  oil 68 

Sample  I. 

Oleostearin 25 

Cottonseed  oil 75 

which,  upon  assay  as  above,  gave  the  following  percentages, 
respectively : 

Per  cent. 

A 29.2 

B 26.4 

C 24.4 

D 26.2 

E 25.2 

F 24.6 

G 23.9 

H 24.4 

1 24.5 

All  of  the  above  assays  would  seem  to  show  that  the  results 
yielded  are  correct  to  within  about  one  and  a  half  per  cent., 
and  in  my  opinion  it  would  be  perfectly  safe  to  consider  that  as  a 
reasonable  margin  of  error. 

In  consideration,  however,  of  the  character  of  the  process  of 


t 
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assay  as  well  as  the  character  of  the  mixture  and  of  the  samples 
analyzed,  I  do  not  believe  the  analyst  would  be  justified  in 
reporting  any  exaci  amount  of  oleostearin  found  and  have  there- 
fore adopted  the  form  of  reposing  that  the  sample  submitted 

contained  **not  less  than percent.,  nor  more  than per 

cent.,*'  the  margin  of  the  error  being  as  stated. 

Ukitbd  Statbs  Laboratory. 


THE  nEASUREMENT  OP  THE  COLX>RS  OF  NATURAL 

WATERS. 

By  Allen  Hazen. 

Received  Jaouary  30, 1S96. 

THE  diffusion  of  more  accurate  information  and  more  rational 
theories  as  to  the  causation  of  diseases  during  the  past 
few  years  has  resulted  in  simplifying  and  changing  many  of  the 
problems  presented  in  connection  with  the  chemical  anal3'sis  of 
public  water  supplies.  The  health  fulness  of  a  water  for  such  use 
is  determined  to  a  much  greater  extent  than  formerly,  by  criti- 
cal inspections  of  the  sources  of  supply,  particularly  in  the  case 
of  surface  waters ;  and  information  as  to  the  size  of  the  water 
shed,  flow  at  different  seasons,  amount  of  storage  and  character 
of  the  storage  reservoirs,  together  with  full  information  in  regard 
to  the  population  on  the  water  shed  and  the  way  it  disposes  of 
its  sewage,  are  more  important  and  frequently  adequate  in  them- 
selves to  determine  the  wholesomeness  or  unwholesomeness  of  a 
water  ;  and  the  use  of  chemical  analysis  in  connection  with  the 
investigation  of  such  problems  is  rather  in  serving  as  an  index 
of  the  varying  amounts  of  contamination  at  different  times,  than 
in  showing  the  presence  or  absence  of  substances  which  are 
in  themselves  injurious  to  health.  Bacterial  examinations  also, 
which  have  become  so  frequent  and  necessary  in  connection 
with  analyses  of  this  character,  play  also  their  part  in  measuring 
such  fluctatious. 

There  are,  however,  several  determinations  which  indicate  in 
themselves  substances  desirable  or  undesirable  in  a  public  water 
supply,  and  among  these  perhaps  the  most  important  are  the 
hardness,  the  color,  and  in  the  case  of  ground  water  supplies,  the 
iron ;    and  although  the  color  is  determined  mainly  for  its  own 
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sake,  and  because  a  colorless  water  is  more  desirable  than  a  col- 
ored water,  and  not  because  of  any  direct  relations  that  the  results 
obtained  may  bear  to  the  wholesomeness  of  the  supply,  the  inter- 
est that  attaches  to  the  determination  often  makes  it  of  no  less 
importance  than  those  of  the  ammonia  or  other  organic  constit- 
uents. 

The  importance  of  this  question  of  color  has  long  been  felt, 
and  numerous  efforts  have  been  made  to  devise  means  for  meas- 
uring and  recording  the  colors.  The  essential  requirements  of 
such  a  method  are  that  the  figures  obtained  for  a  given  color 
shall  be  the  same  at  all  times  and  in  all  places,  and  that  it  shall 
be  possible  to  reproduce  the  colors  with  certainty  at  any  future 
time.  It  is  also  desirable  that  the  figures  obtained  shall  be  as 
nearly  as  possible  proportional  to  the  actual  apparent  colors  of 
the  various  waters,  as  seen  under  ordinary  conditions. 

Perhaps  the  simplest  method  of  measuring  the  colors  of  waters 
consists  in  taking  a  solution  with  a  color  of  substantial I3'  the 
same  hue  as  the  waters  to  be  examined,  and  diluting  it  with 
various  quantities  of  distilled  water,  producing  a  series  of  colors 
with  which  the  waters  may  be  compared  and  results  of  relative 
colors  obtained.  The  most  natural  substance  to  use  for  the  col- 
ored .solution  is  a  highly  colored  swamp  water,  but  the  results 
obtained  with  such  a  standard  of  color,  although  comparable 
among  themselves,  would  hardly  have  further  permanent  value 
owing  to  uncertainty  as  to  the  color  of  the  water  used  for  compari- 
son, and  the  certainty  that  this  color  would  fade,  and  the  impossi- 
bility of  reproducing  it  with  accuracy  at  a  future  time.  It  is  evident 
that  any  such  procedure  cannot  fairly  be  considered  as  establish- 
ing a  standard  of  color,  and  that  the  colors  must  have  some  definite 
physical  basis  which  can  be  formulated  and  described  with  cer- 
tainty and  which  will  allow  them  to  be  reproduced  at  pleasure. 

Perhaps  an  ideal  basis  of  description  of  color  would  be  a  state- 
ment of  the  changes  in  the  numbers  and  intensities  of  the  vibra- 
tions in  white  light  produced  by  passing  through  a  layer  of  the 
water  under  examination.  These  changes  are,  however,  so 
hopelessly  complex  as  to  defy  even  the  hope  of  ascertaining 
them,  and  even  if  they  could  be  determined  it  is  doubtful  if  a 
statement  of  them  could  be  made  simple  enough  to  convey  any 
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meaning  to  the  ordinary  mind  as  to  the  colors  represented. 

The  most  satisfactory  standard  which  we  can  reasonably  hope 
to  realize  is  probably  furnished  by  some  other  substance  with  a 
definite  color,  which  can  be  produced  at  will,  and  which  can  be 
compared  with  the  colors  of  waters,  furnishing  results  of  perma- 
nent value.  One  of  the  first  attempts  at  such  a  standard  was 
made  by  Messrs.  Crooks,  Odling,  and  the  late  Dr.  Tidy,'  who 
used  solutions  of  ferric  and  copper  salts  in  solution  in  indepen- 
dent vessels,  which,  superimposed  upon  each  other,  produced  a 
color  equivalent  to  that  of  the  water.  The  fatal  objection  to  this 
standard  was  that  the  color  of  the  iron  solution  depends  very 
largely  upon  the  formation  of  basic  compounds  which  vary  in 
the  intensity  of  their  colors  with  very  slight  variations  in  acidity 
and  with  changes  in  temperature,  so  that  the  results  obtained 
are  open  to  a  most  objectionable  uncertainty. 

Another,  and  in  some  respects  more  satisfactory,  attempt  in 
establishing  a  standard  was  made  by  Prof.  A.  R.  Leeds.*  who 
suggested  that  extremely  dilute  solutions  of  ammonia  after  being 
nesslerized  should  be  taken  as  the  standards  of  color,  the  quan- 
tity of  ammonia  being  taken  as  an  index  of  the  color  produced. 
This  standard  was  certainly  most  convenient,  as  the  nesslerized 
ammonia  standards  are  always  present  in  laboratories  for  water 
analysis  being  required  for  another  purpose,  and  it  was  believed 
that  the  colors  had  a  sufficiently  definite  value  to  form  a  reliable 
standard. 

This  method  has  been  widely  used  in  the  United  States,  and 
was  employed  by  the  author  for  several  years  and  for  the  exam- 
ination of  some  thousands  of  samples  of  water,  until  it  became 
apparent  that  the  variations  and  discrepancies  in  the  results 
obtained  were  so  great  as  to  require  serious  consideration.  As 
a  result,  a  critical  examination  of  the  colors  produced  in  this 
way  was  undertaken  with  the  aid  of  my  then  assistant,  Mr. 
Harry  W.  Clark,  the  results  of  which  were  published  in  full  in 
the  American  Chemical  Journal ,  14«  300.  It  was  found  in  the 
course  of  the  investigation  that  the  colors  produced  depended 
not  only  upon  the  amount  of  ammonia  used,  but  also  upon  a 

1  Chem,  News^  43, 174. 

s  /Voc.  Am,  Chem.  Soc.  a,  8. 
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whole  series  of  conditions,  many  of  which  were  not  capable  of 
exact  control,  so  that  the  results  obtained  varied  among  them- 
selves, even  in  the  same  laboratory  at  different  times,  to  a  most 
unsatisfactory  extent.  It  was  found  that  the  colors  produced 
depended  not  only  upon  the  composition  of  the  Nessler  reagent 
and  the  quantity  used,  but  even  upon  the  way  in  which  it  was 
applied  to  the  water  containing  the  ammonia,  and  to    a  very 
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irregularities  in  Nesslerized  Ammonia 

and  Nahural  W^^er  S^an€larcis-.  From 
ffeporfby  MrFiTZdERALD  and  Mr. 
Fbas  \n  ReporhoP  BoaroN  Water 
Board  for  1893. 

large  extent  upon  the  temperature  at  which  the  experiment  was 
made.  It  was  further  found  that  the  colors  produced  were  not 
at  all  proportional  to  the  quantities  of  ammonia  present,  even 
under  the  most  favorable  conditions,  owing  in  part  to  the  very 
considerable  color  of  the  Nessler  reagent  itself,  and  in  part  to 
the  fact  that  small  amounts  of  ammonia  produce  less  color  rela- 
tively than  larger  quantities  ;  and  as  a  result  of  the  combination 
of  these  two  causes  the  colors  increase  in  an  irregular  way  that 
is  most  unsatisfactory.  This  irregularity  of  increase  is  well 
shown  by  a  cut  here  reproduced  from  the  report  of  Mr.  FitzGer- 
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aid  and  Mr.  Foss  in  the  report  of  the  Boston  Water  Board  for 
1S93/  showing  the  colors  of  nesslerized  ammonia  and  natural 
water  standards  received  from  the  Institute  of  Technology  when 
read  against  a  single  natural  water  standard  in  an  ingenious 
colorimeter  devised  by  the  authors,  and  in  addition  the  differ- 
ence between  the  two  lower  scales  shows  how  the  standard  dif- 
fered at  two  different  times. 

The  nesslerized  ammonia  standard  has  been  improved  in  an 
important  way  by  Mrs.  Ellen  H.  Richards,  of  the  Massachu- 
setts Institute  of  Technology,  who  has  for  some  years  used 
standards  of  natural  waters  diluted  with  distilled  water,  as  sug- 
gested above,  and  diluted  to  such  an  extent  as  to  correspond 
with  the  nesslerized  ammonia  standards  at  a  number  of  selected 
points,  and  with  intermediate  and  lower  standards  prepared  by 
interpolation  between  the  selected  points  of  comparison.  This 
method  of  procedure  eliminates  to  a  certain  extent  the  daily 
fluctuations  in  the  values  of  the  nesslerized  ammonia  standards,  , 
and  also  tends  to  smooth  out  the  smaller  irregularities  in  the 
scale,  although  the  larges  ones  could  hardly  be  removed  with- 
out destroying  the  integrity  of  the  scale  itself.  The  method  of 
procedure  is,  moreover,  open  to  the  more  serious  objections  to 
the  nesslerized  ammonia  standard  in  that  the  standards  them- 
selves depend  for  their  original  values  upon  the  nesslerized 
ammonia  standards  of  which  the  exact  values  are  always  open 
to  question. 

In  a  recent  article  published  in  the  present  volume  of  this 
Journal,  page  68,  by  Ellen  H.  Richards  and  J.  W.  Ellms,  an 
account  is  given  of  an  attempt  to  establish  in  a  more  accurate 
and  permanent  manner  the  value  of  the  standards  used  by  com- 
paring them  with  the  Lovibond  **  Tintometer.**  This  instru- 
ment consists  essentially  of  a  series  of  colored  glasses  which 
are  superimposed  upon  each  other  to  produce  a  color  equivalent 
to  that  of  a  given  sample  of  water  or  other  substance.  The  tin- 
tometer in  its  construction  and  operation  is  so  tx>mplicated  as  to 
render  it  impracticable,  as  Mrs.  Richards  states,  to  use  it  for  the 
direct  determination  of  colors  in  waters  where  many  samples 
have  to  be  examined,  and  its  use  is  thus  limited  to  determining 

Franklin  /ns/i/nte,  ijS,  401. 
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from  time  to  time  the  values  of  the  standards  actually  used  for 
measuring  the  colors  which  would  otherwise  be  subject  to 
uncontrolled  variations. 

Several  objections  may  be  raised  to  the  use  of  the  Loviboud 
Tintometer  as  an  ultimate  standard  of  color.  If  we  admit  that 
the  colors  of  the  glass  slips  are  permanent  and  will  forever  hold 
their  color,  we  still  depend  upon  the  honesty  and  skill  of  the 
manufacturer  of  the  instruments  to  produce  glass  slips  of  pre- 
cisely the  same  values  as  those  used  in  the  original  apparatus. 
It  is  of  course  conceivable  that  an  apparatus  should  be  continued 
in  use  with  the  same  slips  for  many  years,  but  eventuall}-  the 
slips  would  become  worn  or  scratched  and  would  require  to  be 
replaced,  or  the  apparatus  might  be  destroyed  by  fire  or  other 
accident ;  and  in  any  case  other  laboratories  buying  new  instru- 
ments will  require  to  have  new  slips.  It  is  thus  seen  that  the 
values  of  the  colors  depend  ultimately  upon  the  honest}'  and 
skill  of  the  manufacturer  in  preserving  and  reproducing  an  arbi- 
trary standard,  and  not  upon  natural  units. 

It  may  be  said  as  against  this  view  that  the  values  of  the 
Lovibond  units  have  been  determined  by  comparison  with  the 
colors  of  solutions  of  definite  chemical  composition  with  such  care 
and  precision  that  it  will  be  possible  at  future  times  to  determine 
whether  the  slips  then  in  use  are  really  the  equivalents  of  those 
now  sold,  and  that  it  would  even  be  possible  to  reproduce  them 
in  case  the  present  standards  were  lost  or  destroyed.  But 
against  this  statement  it  may  be  urged  that  it  is  much  more 
rational,  simpler,  and  better  in  every  wa}'  to  compare  the  waters 
directly  with  the  chemical  solutions  which  are  the  ultimate 
points  of  reference  without  the  intervention  of  glass  slips  or  other 
standards. 

An  attempt  to  do  this  was  made  by  the  author,  who  published* 
a  description  of  a  method  of  comparing  the  colors  of  waters  with 
those  of  solutions  of  platinum  and  cobalt  of  known  strength,  the 
colors  of  which  were  absolutely'  definite  and  permanent,  and 
capable  of  being  reproduced  with  precision  at  any  time,  and  not 
affected  by  temperature  or  other  conditions  likely  to  occur  in 
well  regulated  laboratories.     The  method  of  stating  the  results 

I  Am.  Chem.J.,  14,  300. 
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was  a  natural  and  simple  one,  namely,  **that  the  color  of  a 
water  is  the  amount  of  platinum,  in  parts  per  ten  thousand 
which,  in  acid  solution,  with  so  much  cobalt  as  will  match  the 
hue,  produces  an  equal  color  in  distilled  water." 

Since  the  publication  of  this  article  the  platinum  standard  has 
been  used  in  laboratories  under  my  direction,  and  by  my  succes- 
sors ,and  in  other  and  independent  laboratories  for  the  measurement 
of  colors  in  many  thousands  of  samples  of  water,  and  with  such 
uniformly  satisfactory  results'  that  I  believe  it  only  fair  to  say  a 
word  in  regard  to  the  objections  raised  to  the  standard  by  Mrs. 
Richards  in  the  above  mentioned  article. 

The  first  of  these  objections  is  that  there  is  an  excess  of  orange 
to  yellow  in  the  standard,  which,  if  I  understand  the  language 
correctly,  means  that  the  standard  is  redder  than  the  waters  to 
be  examined.  This  contingency  was  provided  for  in  the  origi- 
nal article  by  making  the  platinum  the  standard  of  color  and 
allowing  the  cobalt  to  be  varied  as  required  to  match  the  hues 
of  the  waters.  The  quantity  of  cobalt  in  proportion  to  the  plati- 
num which  I  suggested,  namely,  one-half  as  much  metallic 
cobalt  as  platinum,  was  the  result  of  my  experience  of  thou- 
sands of  samples  of  water  prior  to  the  publication  of  that 
article,  but  as  waters  from  different  sources  vary  in  their  hues, 
it  was  fully  recognized  that  it  might  be  desirable  in  other  cases 
to  use  a  different  proportion  of  cobalt  from  that  suggested  ;  and 
if  it  is  found  that  the  quantity  of  cobalt  suggested  produces  a 
standard  too  red  for  a  given  set  of  waters,  it  is  only  necessary  to 
make  a  fresh  standard  with  a  somewhat  smaller  quantity  of 
cobalt  to  be  determined  by  experiment,  when  it  will  be  found 
that  the  hue  matches  the  waters  as  closely  as  it  is  possible  for 
any  single  standard  to  do. 

As  a  matter  of  fact,  standards  containing  a  quarter  less  and 
others  containing  a  quarter  more  cobalt  than  the  amount  sug- 
gested have  been  repeatedly  used  by  the  author  and  by  others 
for  special  purposes,  and,  while  the  hues  gf  some  waters  are 
more  accurately  matched,  the  results  as  a  whole  have  hardly 
warranted  any  change  in  the  proportion  suggested  for  ordinary- 
practical  work. 

1  Report  of  Bofton  Water  Board,  1893,  p.  85.    Report  of  Maisachusett*  State  Board  of 
Health  on  Metropolitan  Water  Supply,  189s*  P-  i77-  /•  franklin  InttitnU^  ijl,  403. 
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The  second  objection  is  that  the  standard  is  not  suitable  for 
the  measurement  of  the  deeper  colors.  This  is  indeed  an  impor- 
tant question,  and  bad  been  thoroughly  canvassed  by  the  author 
and  his  assistants  before  the  publication  df  the  process,  and  the 
means  for  avoiding  difficulties  from  this  source  were  distinctly 
stated  in  the  article,  although  the  reasons  for  the  precautions  to 
be  taken  were  not  perhaps  stated  as  fully  as  was  desirable. 

One  of  the  first  facts  to  be  learned  by  persons  studying  the 
colors  of  solutions  is  that  solutions  having  the  same  color  in  one 
depth  or  dilution  are  not  necessarily  of  the  same  color  in  greater 
or  less  depths  or  dilutions.  The  truth  of  this  statement  was 
most  strikingly  shown  in  an  article  published  by  the  author,  in 
connection  with  Mr.  Harry  W.  Clark'  in  connection  with  the 
colors  of  the  various  nitrophenols  in  varioirs  dilutions,  in  which 
it  was  shown,  for  example,  that  alkaline  solutions  of  ortho-  and 
paranitrophenols  are  of  about  the  same  color  when  solutions 
containing  one-tenth  or  a  part  in  a  million  of  nitrogen  are  seen 
in  depths  of  200  mm.,  while  with  more  dilute  solutions  the  para 
is  more  highly  colored,  and  with  more  concentrated  solutions 
the  ortho  has  the  deeper  color,  and  the  variations  are  so  aston- 
ishingly great  that  with  the  most  concentrated  solutions  exam- 
ined the  ortho  produced  as  much,  color  as  more  than  thirty  times 
its  weight  of  paranitrophenol. 

The  explanation  of  this  remarkable  phenomenon  has  been 
clearly  given  by  Mr.  Desmond  FitzGerald  and  Mr.  William  E. 
Foss,  in  the  annual  report  of  the  Boston  Water  Department  for 
1893.'  It  is  there  stated  that  the  amount  of  light  which  passes 
through  successive  equal  layers  of  an  absorbing  solution  diminishes 
in  geometrical  progression  as  the  number  of  layers  increases  in 
arithmetical  progression ;  and  as  the  coefficient  of  transmission 
varies  with  different  solutions,  it  often  happens  that  a  water 
matches  the  standard  very  closely  in  hue  in  a  short  depth,  but 
appears  of  quite  a  different  hue  in  a  greater  depth.  That  is  to 
say,  taking  an  extreme  case,  the  coloring-matter  in  one  solution, 
owing  to  its  chemical  or  physical  properties,  absorbs  a  large 
percentage  of  the  light  from  a  narrow  band  of  the  spectrum, 

^/.  Anal.  Appl.  Chem.^  5,  391. 
^ J.  Franklin  InstUuUy  138,  401. 
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while  another  substance  to  produce  the  same  apparent  color 
absorbs  a  small  percentage  of  the  light  from  a  broad  band  in 
the  spectrum.  In  the  first  case  as  the  solution  is  increased  in 
depth  or  concentration,  its  color  at  first  rapidly  increases  until  all 
or  nearly  all  of  the  rays  of  light  which  it  is  capable  of  absorbing 
are  exhausted,  and  further  increase  in  depth  effects  but  little 
further  change  in  color.  In  the  second  case,  owing  to  the 
smaller  percentage  absorption  of  the  light  rays  the  color  increases 
to  a  much  higher  limit,  and  in  great  depths  the  solution  has  a 
much  deeper  color  than  is  possible  in  the  former  case  where  the 
action  is  confined  to  a  narrow  band  in  the  spectrum. 

A  combination  of  absorption  bandi:  having  different  relative 
absorptions  in  the  same  solution  gives  rise  to  the  change  in  hue 
so  often  noticed  with  changing  depth  or  dilution.  Thus  it  is  a 
matter  of  common  experience  that  a  water  which  is  a  pure  yel- 
low or  even  greenish  when  seen  in  slight  depth  becomes  orange 
and  even  quite  red  when  seen  in  great  depths.  The  way  in 
which  these  differences  occur  was  well  shown  by  a  diagram,  in 
the  report  mentioned,  showing  how  the  standard  matching  the 
water  at  low  depth,  constantly  diverges  from  it  as  the  depth 
increases. 

There  are  two  possible  means  of  remedying  this  evil.  The 
first  would  be  to  secure  a  standard  in  which  the  coloring- matter 
was  identical  in  composition  with  the  coloring- matter  in  the 
natural  waters.  Such  a  standard  could  obviously  be  only  the 
natural  water  standard,  which,  as  shown  above,  is  really  no 
standard,  but  only  a  go-between  between  the  waters  and  the  real 
standards.  The  other  method  of  avoiding  the  difficulty  is  to 
make  comparisons  only  in  such  depths  that  the  divergencies 
between  the  standards  and  the  waters  will  not  be  considerable. 

As  stated  in  the  report  quoted  above,  the  quantity  of  light 
transmitted  decreases  in  geometrical  progression  as  the  depth 
increases  in  arithmetical  progression.  Let  us  say  that  the  first 
cm.  of  water  intercepts  one  per  cent,  of  those  rays  of  light, 
whose  interception  produces  the  effect  of  color  in  the  water. 
The  second  cm.  of  water  will  then  intercept  one  per  cent,  of  the 
remaining  rays,  or  0.99  per  cent.,  and  the  third  cm.  will  inter- 
cept one  per  cent,  of  the  98.01  per  cent,  reaching  it,  or  substan- 
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tially  0.98  per  cent.,  leaving  97.03  per  cent.  As  the  color  pro- 
duced is  measured  by  the  difference  between  the  light  remain- 
ing and  the  full  light,  we  may  express  the  colors  produced  by 
one,  two,  and  three  cm.  of  water  as,  respectively,  i,  1.99,  and 
2.97.  These  figures  are  obviously  substantially  proportional  to 
the  depths ;  the  error  of  one  per  cent,  in  the  last  case  l)eing 
entirely  too  small  to  be  taken  into  consideration.  If,  however, 
the  process  is  carried  further,  the  error  increases  as  rapidly  as 
the  square  of  the  depth,  and  at  no  very  remote  point  becomes 
important  and  serious.  As  an  illustration  of  the  substantial 
correctness  of  this  proposition,  the  above-mentioned  ortho-  and 
paranitrophenols  may  be  mentioned.  Notwithstanding  the  most 
extraordinary  differences  between  the  colors  of  the  comparativel}' 
concentrated  solutions  of  these  substances,  the  colors  produced 
by  extremely  dilute  solutions  are  substantially  proportional  to 
the  amounts  of  the  respective  substances  present,  and  so  long  as 
certain  limits  are  not  passed,  their  colors  increase  at  the  same 
rate  with  increasing  depth.  The  differences  between  these  sub- 
stances at  various  dilutions  are,  however,  vastly  greater  than 
those  between  the  platinum-cobalt  standard  and  natural  waters, 
and  the  differences  in  the  latter  case  with  increasing  amounts  of 
color  are  no  greater  than  would  be  sure  to  be  found  with  almost 
any  two  coloring-matters  not  of  the  same  chemical  composition. 
The  point  to  which  it  is  safe  to  carry  the  reading  of  colors  is 
determined  by  practical  experiment  and  not  by  theoretical  con- 
siderations. It  was  stated  by  the  author  in  the  original  paper 
that  up  to  a  point  corresponding  to  colors  of  0.9  in  a  depth 
of  200  mm.  or  corresponding  lighter  or  deeper  colors  in  greater 
or  less  depths,  the  variations  between  the  hues  of  the  plat- 
inum standard  and  actual  waters  were  so  slight  as  to  be 
unimportant.  In  Mr.  FitzGerald's  report  mentioned  above,  it 
is  stated  that  colors  up  to  a  depth  of  i  .0  for  the  same  depth  can  be  sat- 
isfactorily compared  with  the  platinum  standard,  this  limit  being 
ten  per  cent,  above  that  suggested  by  the  author,  and  as  long  as 
colors  are  not  measured  above  these  depths  the  errors  introduced 
are  entirely  unimportant ;  and  while  it  is  recognized  that  serious 
errors  might  be  introduced  by  the  attempt  to  read  much  deeper 
colors,  this  contingency  was  distinctly  provided  against  by  stat- 


274  COLORS  OF  NATURAL  WATERS. 

ing  that  all  waters  with  deeper  colors  shotild  be  read  in  a  less 
depth  of  liquid,  or  what  is  practically  more  convenient,  and  as 
far  as  I  have  been  able  to  ascertain,  equally  accurate,  the  water 
should  be  diluted  with  one,  two  or  more  times  its  volume  of  dis^ 
tilled  water,  the  color  of  the  diluted  water  read  and  multiplied 
by  a  proper  factor.  Mrs.  Richards  finds  it  necessary  to  adopt 
this  same  procedure,  even  with  the  natural  water  standards, 
because,  as  a  matter  of  fact,  the  coloring-matters  in  different 
waters  vary  from  each  other,  and  the  hues  produced  in  different 
depths  also  vary  in  the  same  way  as  the  hue  of  the  platinum 
standard  varies  from  that  of  a  water,  only  in  a  less  degree,  and 
with  the  natural  water  standards  it  is  only  possible  to  read 
accurately  colors  as  high  as  2.0,  or  only  twice  as  high  as  the 
limit  with  the  platinum  standard. 

This  dilution  of  waters  with  high  colors  may  be  objected  to 
on  the  ground  that,  a  water  having,  for  example,  a  color  of  2.0 
does  not  in  reality  contain  twice  as  much  coloring-matter  as  a 
water  with  a  color  of  i.o,  and  that  correct  results  will  not  be 
obtained  in  this  way.  This  is,  in  fact,  the  case  with  the  ness- 
lerized  ammonia  standards  and  with  the  natural  water  standards 
based  upon  them,  as  was  shown  by  the  author,  who  stated  that 
with  these  standards  "  color  0.5  is  only  twice  as  deep  as  color 
0.2  ;  color  0.8  is  only  twice  as  deep  as  color  0.3 ;  color  i.o  is 
only  twice  as  deep  as  color  0.4,  etc.;*  and  this  very  fact  is  one 
of  the  serious  objections  to  the  use  of  these  standards.  With 
the  platinum  standards,  on  the  other  hand,  the  numbers 
expressing  the  colors,  as  nearly  as  can  be  determined,  are  pro- 
portional at  every  point  to  the  actual  coloring-matters  present, 
and  this  simple  relation  is  one  of  the  important  practical  advan- 
tages of  the  standard. 

As  a  matter  of  fact,  a  great  majority  of  the  waters,  even  from 
swampy  regions,  have  colors  low  enough  to  allow  accurate  direct 
readings  with  the  platinum  standard,  and  the  necessit>'  of  dilut- 
ing the  more  deeply  colored  waters  occasionally  found  cannot  be 
regarded  as  a  practical  objection  to  the  process.  In  actual  use 
the  convenience  of  operation,  the  simplicity  of  the  apparatus 
required,  the  accuracy  of  the  work  obtained  even  with  unskilled 

1  American  Chemical  Journal,  i4i  308. 
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operators,  and  the  permanancy  of  the  standard,  even  under 
exceptionally  unfavorable  conditions,  which  has  far  exceeded 
anything  for  which  we  dared  to  hope  when  the  standard  was 
first  used,  have  'abundantly  demonstrated  its  utility ;  and  in 
view  of  the  ease  and  accuracy  with  which  it  is  possible  to  com- 
pare directly  the  colors  of  natural  waters  with  metallic  solutions, 
which  are,  in  fact,  the  only  reliable  ultimate  standards  now  in 
use  or  known,  it  seems  most  unfortunate  and  in  every  way  unde- 
sirable to  introduce  arbitrary  go-betweens,  not  having  definite 
values  of  their  own  or  capable  of  being  reproduced  or  controlled 
except  by  comparison  with  other  standards. 
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MY  former  article*  on  this  subject  has  been  so  favorably 
received  and  commented  upon  that  I  have  been  encour- 
aged to  oflfer  a  second  contribution  with  the  object  of  adding 
a  few  more  facts  to  the  literature  of  the  subject,  as  well  as  to 
point  out  certain  changes  in  the  method  of  analysis  outlined  in 
the  first  article,  which  changes  have  been  suggested  by  recent 
analytical  work. 

The  method  ttniversally  employed  for  the  determination  of  the 
incorporated  water  of  asphaltum  is  that  of  estimating  the  loss  in 
weight  of  the  substance  when  exposed  to  a  temperature  of  loo^ 
C.  The  possibility  of  a  loss  of  more  or  less  of  the  inherent  vola- 
tile matter  when  heated  to  such  a  high  temperature  must  have 
occurred  to  every  one  engaged  in  the  analysis  of  asphaltum.  A 
series  of  experiments  made  during  the  past  few  months  has  con- 
firmed my  suspicion  that  such  is  the  case. 

The  experiment  proper  consisted  in  heating  a  weighed  portion 
of  asphaltum  in  a  combustion  tube,  the  general  arrangement 
of  the  apparatus  being  the  same  as  that  employed  in  the  deter- 
mination of  water  in  organic  analysis.  The  temperature  was 
gradually  raised  from  the  temperature  of  the  room  to  that  of  boil- 
ing water.  The  tube  was  swept  out  before  and  after  heating 
with  either  dried  air  or  dried  hydrogen.     Simultaneously  with 

^  Remd  at  the  Cleveland  meeting,  December  31, 1893. 
s  This  Jonmal,  ift,  809. 
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this  experiment  two  other  weighed  portions  of  the  same  asphal- 
tum  were  dried,  one  in  an  oven  at  100**  C.  to  serve  as  a  check 
upon  that  portion  dried  in  the  combustion  tube,  while  the  other 
portion  was  dried  in  the  sun. 

As  the  method  of  sun  drying  requires  several  days  it  was  done 
in  a  room  as  free  as  possible  from  dust  and,  to  increase  the  tem- 
perature and  at  the  same  time  to  exclude  all  foreign  matter,  the 
samples  were  placed  in  large  watch  glasses  with  watch-glass 
covers  fitting  loosely  to  allow  of  circulation  of  air.  In  this  lens- 
like arrangement  the  maximum  temperature  did  not  exceed  50* 
C.  On  cloudy  days  the  drying  was  necessarily  done  in  the  oven 
below  50**  C. 

These  experiments  showed  that  the  asphaltum  tested  did  not 
oxidize  below  100°  C,  as  aspiration  with  dried  air  and  dried 
hydrogen  gave  the  same  results ;  and  also  that  all  moisture  is 
driven  off  below  50°  C.  while  between  50**  C.  and  100°  C,  a 
certain  portion  of  oily  matter  is  lost,  this  oil  invariably  collect- 
ing in  drops  about  the  mouth  of  the  combustion  tube.  In  the 
light  of  these  facts  it  becomes  clear  that  the  old  method  of  deter- 
mining moisture,  if  it  is  to  be  determined  at  all,  is  incorrect  since 
the  percentage  lost  on  heating  the  asphaltum  to  100**  C.  includes 
not  only  the  water  but  also  that  part  of  the  petrolene  volatile 
below  100"*  C. 

The  moisture  associated  with  an  asphaltum  being  hygroscopic, 
as  is  evident  from  the  fact  that  the  same  specimen  carries  a  con- 
stantly varying  proportion  depending  on  atmospheric  conditions, 
it  should  never  be  estimated  as  a  constituent  part  of  the  asphal- 
tum, particularly  in  making  analyses  for  purposes  of  comparison. 

In  inaking  all  of  my  recent  analyses,  as  a  preliminary,  I  have 
air  dried  to  a  constant  weight  several  grams  of  the  sample  to  be 
analyzed  before  weighing  out  the  portion  to  be  treated  with  the 
different  solvents,  thus  entirely  excluding  water  from  the  per- 
centage composition  of  the  asphaltum. 

A  second  departure  from  the  method  previously  given  is  a 
purely  mechanical  one.  As  a  matter  of  convenience  I  have  dis- 
carded the  use  of  the  Erienmeyer  flask,  the  substance  being 
weighed  out  on  balanced  filter-papers  instead.  In  this  way  all 
digestion  is  done  in  separatory  funnels.     This  method  of  treat- 
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ment  is  very  simple  and  the  results  obtained  are  good,  but  care 
must  be  taken  that  the  solution  in  the  funnels  does  not  become 
too  concentrated  before  running  ofi  through  the  tap,  otherwise 
the  petrolene  precipitates  itself,  more  or  less  of  it  adhering  to 
the  outside  of  the  filter-paper.  To  prevent  this  the  petroleum 
ether  may  be  drawn  off  every  few  minutes  until  the  greater  part 
of  the  petrolene  has  been  extracted  after  which  it  is  perfectly 
safe  to  allow  the  digestion  to  continue  for  hours  in  removing  the 
final  traces. 

Lastly,  I  have  obtained  some  interesting  and,  in  my  opinion,  im- 
portant results  by  fractionating  the  asphaltene,  determining  it  in 
two  portions:  that  soluble  in  boiling  turpentine  and  that  soluble 
only  in  chloroform.  The  process  is  a  very  tedious  one  on  account 
of  the  difficulty  of  removing  the  very  last  trace  soluble  in  boiling 
turpentine,  but  the  results  that  follow  are  a  sufficient  warrant  for 
the  expenditure  of  so  much  time,  which,  for  the  specimens 
analyzed,  ranged  from  one  to  four  weeks.  In  order  to  secure 
concordant  results  in  duplicate  analyses  I  found  it  necessary  to 
pursue  the  following  course  : 

After  the  removal  of  the  petrolene  the  residue  on  the  filter 
was  digested  in  boiling  turpentine  until  the  filtrate  was  color- 
less, when  the  contents  of  the  filter  were  washed  in  alcohol  and 
dried  at  100®  C.  If,  on  drying,  a  black,  semi-liquid  substance 
separated  from  the  mass,  this  was  an  indication  that  the  turpen- 
tine fraction  had  not  been  entirely  removed,  in  which  case  the 
process  was  repeated.  In  the  most  refractory  specimens  this 
treatment  was  applied  many  times.  The  tardy  yielding  to  the 
solvent  power  of  the  turpentine  is  doubtless  largely  due  to  the 
fact  that  the  turpentine  does  not  readily  penetrate  the  mass  and 
it  may  be,  also,  that  the  chloroform  fraction  prevents  the  action 
of  the  turpentine  just  as  gold  protects  silver  from  the  action  of 
nitric  acid.  The  completion  of  the  process  is  always  indicated 
by  the  appearance  of  the  dried  residue  whiclv,  after  the  complete 
removal  of  the  turpentine  fraction,  is  invariably  a  loose,  brown 
powder  without  coherence.  This  treatment  shows  that  part  of 
the  asphaltene  soluble  in  boiling  turpentine  to  be  a  black,  vis- 
cous, semi-liquid  substance  resembling  tar  and  having  a  melt- 
ing point  at  or  below  100®  C. 

(6) 
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Another  fact,  which  may  prove  valuable  as  well  as  interest- 
ing, is  clearly  brought'^out  in  this  fractionation  of  asphaltene  and 
that  is  that  not  only  do  the  *'  aged'^  varieties  of  asphaltum  con- 
tain a  larger  percentage  of  asphaltene  but  the  turpentine  frac- 
tion becomes  a  smaller  proportion  of  the  total  bitumen  while  the 
chloroform  fraction  becomes  larger. 

An  investigation  of  the  table  of  the  percentage  composition  of 
the  following  varieties  of  asphaltum  will  confirm  this  statement : 

No.  I.  An  average  sample  of  land  asphaltum  from  the  island 
of  Trinidad. 

No.  2.  Altered  or* 'aged"  (iron  pitch)  Trinidad  land  asphaltum. 

No.  3.  Altered  or  "  aged"  Trinidad  land  asphaltum. 

No.  4.  An  average  sample  of  Trinidad  lake  asphaltum. 

No.  5.  An  altered  or  **  aged"  Trinidad  lake  asphaltum. 

No.  6.  An  altered  or  **  aged"  Trinidad  lake  asphaltum. 

No.  7.  An  altered  or  **  aged"  (iron  pitch)  Trinidad  lake 
asphaltum. 

No.  8.  Asphaltum  from  Montague  Co.,  Texas. 

No.  9.  Turrellite  from  Uvalde  Co.,  Texas. 

No.  10.  Asphaltum  from  near  Ardmore,  Indian  Ter. 

No.  II.  Grahamite  from  Ritchie  Co.,  W.  Va. 

No.  12.  Scyssel  asphaltic  rock  from  Eastern  Prance. 
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I  am  not  yet  prepared  to  say  that  the  turpentine  fractionation  of 
asphaltene,  if  made  in  the  case  of  the  asphaltum  obtainable  from 
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different  parts  of  the  world  would  indicate  the  relative  *  *  ageing' ' 
of  the  different  varieties,  ^btit  my  experience  with  Trinidad 
Pitch  inclines  me  to  think  that  this  will  prove  the  case  when 
such  analyses  are  made.  However,  even  if  the  turpentine  deter- 
mination should  prove  of  no  value  as  indicative  of  ''  ageing''  pro- 
cesses in  asphaltum,  there  is  still  a  weighty  reason  why  it  should 
not  be  abandoned. 

The  marked  physical  difference  between  the  turpentine  and 
chloroform  fractions  would  seem  to  indicate  the  probability  of  a 
chemical  difference  and  I  am  sure  that  when  an  ultimate  analy- 
sis of  asphaltum  has  been  made,  as  it  will  be  in  the  near  future, 
that  turpentine  as  a  solvent  will  be  proven  to  have  its  place. 

I  am  aware  that  some  object  to  the  use  of  turpentine  because 
it  is  not  pleasant  to  work  with,  particularly  when  it  is  boiling 
hot,  but  in  scientific  research  we  are  seeking  truth  and  not  our 
own  pleasure  and  convenience.  If  the  cooperation  of  chemists 
engaged  in  the  investigation  of  asphaltum  could  but  be  secured 
the  solution  of  the  problem  would  be  a  speedy  one.  But  this 
may  not  be,  so  solvents  are  accepted  or  rejected  at  will  with 
apparently  no  principle  ruling  in  the  choice.  One  chemist  of 
wide  reputation  rejects  chloroform  and  uses  carbon  disulphide  as 
the  final  solvent  in  the  extraction  of  bituminous  matter. 

I  have  analyzed  many  different  varieties  of  American  and  for- 
eign asphaltum  and,  with  the  exception  of  the  Neufchatel,  which 
is  practically  all  petrolene,  and  the  asphaltum  from  Texas  and 
Indian  Territory,  all  yielded  more  or  less  bituminous  matter  on 
treatment  with  chloroform  after  exhaustion  with  other  solvents. 
Now,  because  the  Neufchatel  and  a  few  other  varieties  need  no 
chloroform  for  the  extraction  of  bitumen,  shall  this  solvent  be 
stricken  from  our  category  ?  rather  let  our  scheme  be  so  broad- 
ened as  to  be  applicable  to  every  variety  of  asphaltum  the  earth 
holds. 

UxivRRfliTY  OF  Michigan. 

DISCUSSION. 

A.  H.  Sabin  :  This  asphaltum  business  is  one  of  a  great  deal 
of  commercial  importance.  There  are  a  great  many  things 
about  it  that  we  do  not  know :  I  hope  somebody  here  can  tell  us 
a  few  things. 
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In  the  first'place  asphalts  are  a  very  peculiar  set  of  bodies. 
The  most  attention  has  been  given  of  late  years  to  Trinidad, 
because  it  has  been  used  for  paving  purposes,  and  has  been  of 
immense  commercial  importance.  It  has  generally  been  over- 
looked by  the  chemists  who  have  worked  on  this  line,  that  com- 
paratively recently  the  commercial  introduction  of  asphalts  from 
other  sources  has  been  of  great  importance.  Ordinarily  chem- 
ists analyze  either  the  Trinidad  or  Eg3^tian  asphalts.  The 
Egyptian  asphalt  is  considered  to  be  a  representative  of  the 
high  grade  asphalts  which  are  to  be  found  in  the  East,  while 
the  Trinidad  asphalt  is  a  cheaper  variety,  very  elastic,  and  con- 
tains a  large  amount  of  foreign  matter.  Commercially,  as  a 
matterof  fact,the  Egyptian  asphalt  is  higher  priced  than  the  Amer- 
ican, and  so  are  all  the  Eastern  asphalts.  The  fact  has  been  known 
for  a  number  of  years  that  large  deposits  of  asphalt  are  found  in 
Utah  and  Colorado  known  as  Gilsonite  and  Uintahite.  These 
have  been' put  on  the  market  at  such  low  prices  that  in  St. 
I<ouis,  I  understand,  Gilsonite  is  used  in  the  paving  trade. 
Gilsonite  is  an  exceedingly  pure  asphalt.  It  is  a  very  interest- 
ing substance,  and  it  is  to  be  hoped  that  future  investigations 
will  take  into  consideration  the  fact  that  these  more  recently  dis- 
covered beds,  which  promise  to  be  of  more  commercial  import- 
ance than  the  Trinidad  deposits,  are  practically  inexhaustible. 
Some  asphalt  deposits  are  being  developed  in  South  America. 
We  have  the  general  statement  made  in  Dana's  Mineralogy, 
which  so  far  as  I  can  learn  is  based  upon  the  well  known  in- 
vestigations made  long  ago  in  Prance,  and  partly  on  some  work 
chiefly  in  the  line  of  checking  results,  which  was  done  in  the 
Sheffield  Scientific  School,  that  all  petroleums  contain  more  or 
less  asphalt  in  solution,  and  that  it  is  generally  believed  that 
asphalts  are  a  sort  of  petroleum  residue,  and  that  the  natu- 
ral asphalts  differ  from  the  asphalts  which  are  obtained  as  petro- 
leum residues  in  being  oxidized  compounds.  As  near  as  I  can 
find  out  that  term  **  oxidized  "  is  merely  a  conventional  term. 
It  means  that  the  hydrogen  has  been  removed,  not  that  the  ox- 
ygen has  been  added,  although  they  show  upon  analysis  that 
some  oxygen  is  present.  The  chief  difference  apparently  is 
that  compounds  containing  hydrogen  have  escaped.    The  differ- 
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ence  between  hard  and  soft  asphalts  is  just,  that  difference  that 
the  mineral  oils  have  been  removed  in  some  way  or  other  from 
the  asphalts  and  they  are  therefore  hard ;  whereas  some  of  them 
like  the  Trinidid  have  a  considerable  amount  of  mineral  oily  mat- 
ter  in  them  and  are  very  elastic  and  well  adapted  to  paving  pur- 
poses. The  presence  of  these  ingredients,  while  it  adds  to  their 
durability,  detracts  from  their  usefulness  for  other  technical  pur- 
poses, because  mineral  oil  is  comparatively  easily  removed  by 
the  action  of  the  weather,  while  the  hard  asphalts  not  contain- 
ing this  volatile  and  soluble  matter  can  be  made  elastic  by  being 
compounded  with  linseed  oil  and  other  substances,  and  in  that 
way  can  be  made  immensely  more  permanent  than  elastic  as- 
phalts. This  is  inapplicable  to  paving,  but  it  has  large  applica- 
tion. There  is  a  good  deal  of  commercial  asphalt  on  the  market 
under  the  name  of  Maltha,  which  was  used  as  long  ago  as  the 
time  of  Pliny.  The  name  has  been  applied  recently  to  asphalt 
from  southern  California.  It  is  obtained  in  various  degrees  of 
hardness  from  a  thick  liquid  to  a  solid,  and  is  a  good  illustra- 
tion of  the  so-called  artificial  asphalts.  Of  course,  it  is  a  nat- 
ural product.  Nothing  has  been  done  to  it  except  the  volatile 
portions  have  been  distilled  out  of  it.  I  should  like'  to  know 
whether  these  asphaltic  constituents  are  present  in  all  petro- 
leums, or  whether  they  are  in  some  cases  or  in  all  cases  produced 
by  the  action  of  high  temperature  upon  the  crude  oil,  and 
whether  these  differ  from  natural  asphalt  in  oxidation  or  in 
what  way  ? 

Prof,  Mahery :  I  have  had  some  experience  with  asphalts  in 
the  way  of  observation,  and  to  a  certain  extent  experimentally. 
At  Oil  Springs,  in  Canada,  a  surface  oil  is  found  that  is  very 
heavy,  with  a  specific  gravity  of  90  and  in  the  vicinity  of  beds 
of  asphaltic  pitch.  There  is  no  question  that  there  has  been  a 
change  through  the  heavy  surface  oil  into  the  asphalt.  Some 
constituents  of  petroleum  are  very  unstable  ;  for  example,  at  a 
temperature  of  80°,  in  vacuo,  a  distillate  was  collected,  which, 
after  standing  two  years  and  then  again  distilled,  decomposed 
into  tar  which  could  not  be  distilled  without  carbonization, 
doubtless  the  result  of  polymerization. 

In  regard  to  the  origin  of  petroleum  there  is  a  great  deal  of 
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conjecture.  So  far  as  oxidation  is  concerned,  the  amount  of 
oxygen  contained  in  it  is  small.  Recently  we  examined  a  prod- 
uct made  from  petroleum  residue  which  resembles  in  some 
respects  natural  asphalt.  It  may  be  that  some  of  you  have  heard 
of  it  under  the  name  of  Byedyte.  It  is  manufactured  in  this 
city.  The  process  consists  in  taking  the  heavy  oil  after  the 
burning  oil  is  distilled,  putting  it  into  the  still,  passing  in  cur- 
rents of  air  and  applying  a  gentle  heat  to  the  bottom  of  the  still 
during  five  or  six  days.  Then  the  product  is  drawn  off.  It  con- 
tains no  fixed  carbon.  It  resembles  in  some  respects  natural 
Gilsonite.  So  far  as  practical  uses  are  concerned  they  are 
closely  related.  With  reference  to  oxidation  the  quantity  of 
oxygen  does  not  appear  to  be  very  different  from  that  in  crude 
oil.  As  Mr.  Sabin  suggests,  we  cannot  look  upon  oxidation  in 
the  production  of  asphalt  as  the  introduction  of  oxygen,  but 
rather  as  the  removal  of  hydrogen,  and  that  is  doubtless  related 
to  certain  features  of  polymerization.  It  seems  to  be  a  conver- 
sion of  the  unstable  hydrocarbons  into  higher  products.  Con- 
cerning the  composition  of  these  products  we  know  very  little. 

Other  products  have  come  under  my  observation  which  are 
on  the  market  at  the  present  time  and  used  for  insulators. 

In  some  heavier  sludges  polymerization  takes  place  when  sub- 
stances are  formed  closely  resembling  asphalt.  There  is  a  great 
field  of  investigation  surrounding  asphalt,  but  it  is  an  exceed- 
ingly difficult  subject. 

The  determination  of  water  is  an  interesting  question.  It  is 
practically  impossible  to  remove  water  from  petroleum  by  the 
ordinary  methods.  Ohio  and  Canada  petroleum  may  stand 
for  months,  and  when  it  is  again  distilled,  water  will  appear  to 
a  considerable  extent.  Those  pure  hydrocarbons^  which  I 
showed  last  evening,  can  not  be  dried  with  calcium  chloride. 
We  found  the  moisture  could  only  be  removed  by  sodium,  and 
after  it  is  removed,  upon  exposure  to  the  air,  it  reabsorbs  moisture 
with  great  rapidity.  Probably  the  same  thing  would  apply  to 
asphalt.  Of  course,  in  heating,  the  water  will  be  removed,  but 
if  the  products  are  again  exposed  to  the  air  they  will  reabsorb 
the  water.  This  question  should  be  undertaken  from  the  stand- 
point of  thorough  chemical  investigation. 
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Mr.  Sabtn  :  These  artificial  asphalts  have  some  very  remark- 
able commercial  differences  from  the  natural  asphalts.  For 
example,  they  resist  the  action  of  sodium  hydroxide.  Sodium 
hydroxide  seems  to  combine  with  almost  all  natural  asphalts, 
but  not  with  pitches  or  tars.  In  the  same  way  for  the  purpose 
for  which  I  use  it,  it  is  impossible  to  use  it  as  asphalt,  or  in  the 
way  in  which  you  can  use  any  natural  asphalt.  You  can  not 
melt  it  alone  without  decomposition.  It  can  be  melted  with 
other  substances,  such  as  rosin  or  some  mineral  oils.  But  it  does 
not  mix  with  the  vegetable  oils,  such  as  linseed  by  itself.  It  is 
used  very  successfully  as  an  insulator,  as  many  of  the  pitches 
are.  It  has  many  useful  and  valuble  qualities,  which  none  of  the 
asphalts  have,  especially  that  of  resisting  caustic  alkali,  but  for 
many  purposes  it  differs  as  widely  from  natural  asphalt  as  if  it 
were  entirely  and  absolutely  a  different  substance. 
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THE  VALENCY  OF  OXYGEN  AND  THE  STRUCTURE 
OF  COMPOUNDS  CONTAINING  IT. 

Hydrogen  Dioxide, — In  a  recent  issue  of  the  Berichte  der 
deutschen  chemischen  Gesellschaft*  J.  W.  Briihl  calls  attention 
to  the  significance  of  recent  work  of  Moritz  Traube  upon  the 
structural  formula  of  hydrogen. peroxide.  Traube  found  that 
when,  in  the  electrolysis  of  water,  the  electrodes  are  separated 
by  a  diaphragm,  no  hydrogen  peroxide  forms.  If  now  air  be 
blown  through  the  solution  in  contact  with  the  cathode,  hydro- 
gen peroxide  forms  in  quantity,  presumably  by  the  oxidation  of 
die  nascent  hydrogen  by  the  molecular  oxygen  of  the  air. 
Traube  has  also  shown  that  when  silver  oxide  is  reduced  to 
metal  with  formation  of  water  and  free  oxygen,  the  latter  comes 
from  the  peroxide,  the  oxygen  of  the  water  coming  from  the  silver 
oxide,  thus : 

AgJO  ±  H,iO.  =  Ag.  +  H.O  +  O.. 

The  constitutional  symbol  of  hydrogen  peroxide  is  usually 
written  H.O.O.H.  If  this  be  correct  we  should  expect  it  to 
unite  with  Uie  olefines  forming  glycols  by  direct  addition. 
Glycols  seem  not  to  be  formed  in  this  way,  except  in  the  case  of 

1  n.  3847. 
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ethylene  glj'col,  which,  according  to  Carius/  is  formed  by  add- 
ing ethylene  to  hydrogen  peroxide  in  **verhaltnissmassig  sehr 
Kleine  Mengen.  * '  But  even  if  this  reaction  takes  place  it  would 
not  prove  the  correctness  of  the  above  structural  formula  since 
glycols  are  formed  by  acting  on  the  olefines  with  potassium  per- 
manganate. The  formation  of  hydroxides  by  tlie  action  of 
hydrogen  peroxide  on  the  metals,  such  as  zinc,  is  inconclusive 
for  the  same  reason. 

Neither  does  the  formation  of  salts,  such  as  barium  dioxide 
from  hydrogen  peroxide  prove  anything,  since  we  know  many 
acids  which  contain  no  hydroxyl. 

Because  of  the  fact  that  in  all  its  decompositions,  molecular 
and  not  atomic  oxygen,  was  liberated,  and  of  its  formation  from 
molecular  oxygen  and  atomic  hydrogen,  Traube  wrote  the 
symbol : 

H.OiO.H, 

Additional  interest  attaches  to  this  question  since  Wolffenstein 
has  shown*  that  hydrogen  peroxide  may  be  concentrated  and 
obtained  by  distillation  in  a  vacuum  as  an  explosive,  nearly 
anhydrous  substance. 

Spring  has  recently  shown'  that  thick  layers  of  hydrogen  per- 
oxide have  a  bluer  color  than  water,  and  since  ammonium 
iodide  is  colorless,  and  NH  JI,  and  NH  JI^  are  green  or  violet, 
this  indicates  the  possible  presence  also  of  molecular  oxygen  in 
the  peroxide. 

From  his  determination  of  its  specific  heat  Spring  concludes 
that  the  elements  H,  and  O,  in  combining  have  used  only  a  part 
of  their  potential  energy,  which  is  more  nearly  in  harmony  with 
Traube's  formula  than  with  that  commonly  accepted. 

Brtihl  has  now*  determined  the  index  of  refraction  of  the  pure 
nearly  anhydrous  substance  and  the  specific  gravity,  and  from 
these  he  has  calculated  the  specific  refraction  and  dispersion  and 
the  molecular  refraction  and  dispersion.  The  molecular  refrac- 
tion and  dispersion  is  found  to  be  : 

Ma=5-79i- 
MNa=S.8i7. 

M> — Ma  =  0.136. 

If  we  subtracted  from  the  corresponding  constants  for  water, 
the  constants  for  the  hydrogen  atom,  the  values  for  the  latter 
being  nearly  the  same  as  in  its  compounds,  we  get  the  following : 

1  Ann.  Ch^m.  (Liebig),  xa6,  309. 

*  Ber.  d.  chem.  Ges.^  «7,  3307. 

*  Ztsckr.  anorg.  cfum,^  8,  424 ;  9,  205. 

*  Loc.  ctl. 
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Ma.  Mna.  M^,-— Mtf. 

HOH 3.69  3.71  0.09 

H 1. 10  1.05  0.04 

HO 2.59  2.66  0.05 

This  would  give,  doubling  these  values  for  hydrogen  per- 
oxide : 

Ma>  M^a.  Mv — Ma* 

H.O.O.H  •• 5.18  5.32  o.io 

These  values  are,  however,  much  smaller  than  those  observed 
for  hydrogen  peroxide,  (see  above).  The  easiest  explanation 
of  the  fact  that  the  spectrometer  constants  of  hydrogen  peroxide 
are  considerably  larger  than  would  correspond  to  the  symbol 
H.O.O.H,  lies  in  the  assumption  of  multiple  union  between  the 
oxygen  atoms.  This  would  necessitate  the  assumption  of  mul- 
tiple union  in  ordinary  oxygen,  and  while  this  is  not  proven,  it 
is  indicated  by  the  recent  work  of  Olszewski  and  Witowski,' 
and  especially  by  the  work  of  Liveing  and  Dewar*  on  liquid 
oxygen.  If  we  compare  the  optical  equivalents  of  two  atoms  of 
oxygen  in  water  with  the  constants  of  molecular  oxygen,  we 
get : 

Ma.  MNa*  Ma — Mv,. 

2O  in  water 2.968  3.212  0.036 

O.  as  molecular  oxygen  ( ^'^^'^    3958  3.964  0.069 

This  shows  that  the  optical  constants  of  the  molecular  oxygen 
are  considerably  greater  and  the  dispersion  double  that  of  the 
oxygen  in  water.  This  is,  however,  the  best  criterion  of  multi- 
ple union  of  the  atoms. 

But  if  in  hydrogen  peroxide  the  oxygen  atoms  are  united  by 
multiple  union,  fewer  valencies  must  be  concerned  than  in  molec- 
ular union. 

If  this  conjecture  be  granted,  we  should  find  the  oxygen  con- 
stants from  hydrogen  peroxide  somewhat  smaller  than  the  molec- 
ular oxygen,  and  this  is  the  case,  as  is  seen  below  : 

Ma.         Msa.     My — Ma. 

Oxygen  in  water  (2O) 2.968        3.212        0.036 

Oxygen,  O),  in  hydrogen  peroxide  3.591        3.717        0.055 

Oxygen.  O..    molecular {IJSIiJ?-"-  3-958       3964       0.069 
•'^     '      "*  i,  gaseous 4*09  •••• 

If  we  assume  Traube's  symbol  for  hydrogen  peroxide  to  be 
correct,  we  must  call  oxygen  trivalent,  for  which  we  have  no 

1  Bttlletia  Acad.  Cracovie,  Oct.  1891, 341. 
s  Phil.  Mag.,  37,  a68. 
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warrant ;  neither  is  any  member  of  the  oxygen  group  of  the 
periodic  system  known  with  a  valence  of  three. 

On  the  contrary,  sulphur,  selenium  and  tellurium  are  bivalent 
and  quadrivalent,  and  several  compounds  indicate  the  quadri- 
valence  of  oxygen,  such  as  Rose's  quadrantoxides,  (Ag^O),  but 
especially  the  compound  of  Friedel*  HC1(CH,),6.  If  it  be 
granted  that  oxygen  may  be  quadrivalent,  we  may  then  write 
hydrogen  peroxide : 

H.OO.H. 

All  the  known  properties  of  hydrogen  peroxide ;  its  formation 
from  nascent  hydrogen  and  molecular  oxygen  ;  its  decomposi- 
tion by  nascent  oxygen ;  its  endothermic  decomposition  are  ex- 
plained by  this  structural  formula. 

Constitution  of  Ozone. — On  the  assumption  of  the  quadriva- 
lence  of  oxygen,  the  symbol  of  ozone  may  be  either 


o 

0 

/  \ 

or 

//   ^ 

0  =  0 

0  =  0 

No  data  are  yet  at  hand  sufficient  to  decide  this  question. 

Constitution  of  Carbon  Monoxide. — For  many  years  carbon 
monoxide  has  remained  as  the  single  illustration  of  the  biva- 
lence  of  carbon.  If  we  assume  that  oxygen  is  quadrivalent,  how- 
ever, this  difficulty  at  once  disappears.  The  spectrometric 
behavior  of  carbon  monoxide  favors  this  view.  Briihl  has 
shown'  that  carbon  monoxide  has  the  following  molecular  refrac- 
tion : 

Found 5.04 

Calculated  for  C:0  4.79 

This  small  difference  is,  however,  many  times  greater  than 
the  possible  experimental  error. 

The  assumption  of  the  structure  CiO  for  carbon  monoxide 
involves  the  assumption  of  unsaturated  oxygen  in  numerous 
carbon  compounds  ;  at  least  in  those  containing  an  uneven  num- 
ber of  carbon  atoms  ;  but  we  have  also  many  sulphur  and  nitro- 
gen compounds  in  which  these  atoms  are  bivalent  and  trivalent 
respectively. 

The  Constitution  of  Water. — In  another  paper  Briihl  considers* 
the  result  of  this  new  view  upon  the  constitution  of  water.  It  is 
known  that  in  aqueous  solutions  of  salts  of  strong  acids  and 
bases,  the  observed  alteration  of  the  freezing  and  boiling  points 
is  nearly  double  the  normal  amount  deduced  from  van't  Hoff's 

1  Bull.  soc.  Ckim.,  24,  160,  241. 
*  Ber.  d.  chem.  Ges.^  24,  663. 
«  Bfr.  d.  chem.  Ges.,  si,  a866. 
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equation.  We  know  also  that  Arrhenius  has  accounted  for 
this  by  supposing  that  in  such  solutions  the  salts  are  decom- 
posed into  their  ions. 

It  is  known,  further,  that  many  organic  substances,  such  as 
the  fatty  acids,  oximes,  alcohols,  etc.,  form  double  molecules  or 
molecular  complexes  when  dissolved  in  hydrocarbons,  chloro- 
form and  carbon  disulphide,  and  that  these  complexes  are 
broken  up  when  these  substances  are  dissolved  in  water,  and  to  a 
certain  extent  also  when  dissolved  in  alcohols,  ethers,  esters, 
ketones  and  phenols.  The  latter  class  of  solvents  are  to  a  cer- 
tain extent  also  ionizing,  since  when  saturated  with  hydro- 
chloric acid  they  act  as  conductors,  while  solutions  of  hydro- 
chloric acid  in  benzene  and  other  hydrocarbons  are  non-conduc- 
tors. 

Why  water  so  far  surpasses  other  solvents  in  its  power  to 
allow  of  this  dissociation  is  not  known,  but  the  explanation  is 
easily  found  if  we  write  water  as  an  unsaturated  compound  giv- 
ing oxygen  four  bonds,  thus : 

H     6-  H. 

• 

In  fact  the  properties  of  water  indicate  almost  with  certaint}' 
that  it  is  unsaturated,  for  nearly  all  substances  have  a  tendency 
to  unite  with  it — are  hygroscopic.  Numerous  hydrates  and  com- 
pounds with  water  of  crystallization  exist,  and,  finally,  water  is 
the  universal  solvent.  The  supplementary  valencies  of  the 
quadrivalent  oxygen  are  evidently  the  cause  of  the  formation  of 
the  ions,  and  the  molecular  aggregates  the  reason  of  the  disso- 
ciating power  of  the  water. 

This  notion  receives  further  support  when  we  remember  that 
all  those  organic  solvents  which  are  known  as  good  dissociation 
media  contain  oxygen — ethers,  alcohols,  esters,  ketones,  phenols, 
urethane,  etc. — ^while  those  free  from  oxygen,  such  as  the  hydro- 
carbons, chloroform,'carbon disulphide,  carbon  tetrachloride  have 
little  or  no  power  to  cause  dissociation. 

Edward  Hart. 


THE  HISTORY  OF  ELECTRIC  HEATING  APPLIED 

TO  METALLURGY.' 

Sir  Humphry  Pavy  is  justly  regarded  as  the  father  of 
dry  electro-metallurgy.  After  making  full  allowance  for  the 
unusual  facilities  at  his  command,  it  still  remains  that  his 
intelligent,  faithful  and  extended  use  of  his  facilities  is  worthy 
of  the  utmost  honor. ' 

iKcad  before  the  Waahiagton  Section,  Dec.  la.  1893. 
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It  often  happens,  however,  with  epoch-making  events  that  a 
close  search  reveals  previous  indications,  so  in  this  case  it  is 
found  that  not  only  was  Davy's  dry  work  preceded  by  a  course 
of  wet  electro-chemical  experiments,  as  pointed  out  by  Davy 
himself,  but  also  an  important  contribution  to  dry  electro-metal- 
lurgy had  been  made  long  previous  to  Davy,  and  that  this  even 
preceded  the  first  observed  decomposition  of  water  by  the  cur- 
rent. 

In  1795  a  Ddtch  book  of  396  pages  was  published  at  Haarlem 
by  Martinus  Van  Marum,  entitled  "Second  Continuation  of 
Experiments  by  Means  of  the  Teyler  Electric  Machine." 

I  have  not  seen  the  original  book,  but  various  notices'  of  it 
appeared  in  the  Journals  of  the  time.  Prom  these  it  appears  that 
Van  Marum  was  a  thoughtful  and  exhaustive  investigator.  His 
investigations  took  a  wide  range  and  included  much  outside  our 
title.  He,  however,  not  only  observed  the  heat  produced  by  the 
passage  of  the  current,  but  he  actually  measured  it.  In  one 
instance  the  temperature  of  his  apparatus,  designed  for  measur- 
ing this  effect,  rose  from  61^  to  88  in  three  minutes,  and  to  112* 
in  five  minutes.  He  volatilized  phosphorus  in  a  tube  and 
proved  it  to  be  **  phosphor  gas.'*  He  investigated  the  suitability 
of  metals  for  lightning  rods  and  determined  that  copper  was 
twice  as  good  as  iron.  He  oxidized  metals  by  the  current  and 
performed  various  melting  experiments.  He  had  a  scale  to 
measure  the  current  and  at  twenty-four  100 feet  of  iron  wire,  j{^ 
inch  in  diameter,  melted,  while  104  feet  melted  and  separated 
into  globules.  He' also  melted  longer  pieces,  but  concluded  that 
such  melting  tests  were  not  worth  the  while.  Sixty  feet  of  No. 
II  wire,  T^  in  diameter,  melted  at  24.5,  but  at  the  same  point 
thirty-six  feet  of  No.  i  wire  glowed  its  full  length,  one-half  being 
quite  blue  and  the  rest  slightly  oxidized.  Quartz  was  split  up 
and  slightly  melted. 

Having  oxidized  the  metals  by  the  current,  he  conceived  the 
idea  that  the  oxides  could  be  again  reduced  to  the  metallic  state 
by  the  application  of  larger  amounts  of  .the  current.  It  does  not 
appear  that  he  actually  used  electrically  produced  oxides  to  test 
this  idea,  for  he  not  only  did  test  it,  but  also  actually  collected 
and  tested  the  gas  given  off. 

His  furnace,  if  I  may  so  call  it,  was  a  glass  tube  with  platinum 
electrodes.  Into  this  he  put  his  oxide  and  passed  the  current  with 
the  following  results :  Red  lead  gave  lead  on  the  surface  of  the 
tube  in  a  few  moments  that  could  be  gathered  up,  and  in  twenty 
minutes  he  collected  three-quarters  cubic  inch  of  gas.  White 
lead  gave  lead  in  smaller  amounts.     Tin  oxide  gave  no  metal. 

1  AelUrnJ.  tUr  Pkystk.,  4f  i ;  6,  37.  jfio ;  NeutJ.  der  Pkysik,,  3.  \  ;  Pbg.^  i,  68,  et  •/. 
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Red  oxide  of  iron  gave  no  metal.  Red  oxide  of  mercury  gave 
mercury  and  a  little  gas.  He  proved  that  the  gas  given  off  was 
oxygen  and  credits  the  decomposition  to  heat. 

In  a  lecture  delivered  during  the  latter  part  of  his  life,  Sir 
Humphry  Davy  gave  a  history  of  electro-chemistry,  from  which 
I  take  the  following  statements  : 

**  The  true  origin  of  all  that  has  been  done  in  electro-chemical 
science  was  the  accidental  discovery  of  MM.  Nicholson  and 
Carlisle,  of  the  decomposition  of  water  by  the  pile  of  Volta, 
April  30th,  1800.**  ''In  the  month  of  September,  in  the  same 
year,  I  published  my  first  paper  on  the  subject  of  galvanic  elec- 
tricity in  Nicholson's  Journal,  which  was  followed  by  six 
others,  the  last  of  which  appeared  in  January,  1801.  In  these 
papers  I  showed  that  oxygen  and  hydrogen  were  evolved  from 
separate  portions  of  water,  though  vegetable  and  even  animal 
substances  intervened,  and  conceiving  that  all  decomposition 
might  be  polar.** 

"  In  1804,  MM.  Heisenger  and  Berzelius  stated  that  neutro- 
saline  solutions  were  decomposed  by  electricity,  and  the  acid 
matter  separated  at  the  positive,  and  the  alkaline  matter  at  the 
negative  poles  ;  and  they  asserted,  that  in  this  way  muriate  of 
lime  might  be  decomposed ;  and  drew  the  conclusion  that 
nascent  hydrogen  was  not,  as  had  been  generally  believed,  the 
cause  of  the  appearance  of  metals  from  metallic  solutions.'* 

'*In  1805  various  statements  were  made,  both  in  Italy  and 
England,  respecting  the  generation  of  muriatic  acid  and  fixed 
alkali  from  pure  water.  The  fact  was  asserted  by  MM.  Pachioni 
and  Peele,  and  denied  by  Dr.  Wollaston,  M.  Biot,  and  the  Gal- 
vanic Society  at  Paris.  *  * 

**  It  was  in  the  beginning  of  1806  that  I  attempted  the  solu- 
tion of  this  question,  and,  after  some  months  labor,  I  presented 
to  the  Society  the  dissertation  to  which  I  have-  referred  in  the 
beginning  of  this  lecture.  Finding  that  acid  and  alkaline  sub- 
stances, even  when  existing  in  the  most  solid  combinations,  or 
in  the  smallest  proportions  in  the  hardest  bodies,  were  elicited 
by  voltaic  electricity,  I  established  that  they  were  the  result  of 
decomposition,  and  not  of  composition  or  generation ;  and, 
referring  to  my  experiments  of  1800,  1801,  and  1802,  and  to  a 
number  of  new  facts,  which  showed  that  inflammable  substances, 
and  oxygen,  alkalies,  and  acids,  and  oxidable  and  noble  metals 
were  in  electrical  relations  of  positive  and "  negative,  I  drew  the 
conclusions  that  the  combinations  and  decompositions  by  elec- 
tricity were  referable  to  the  law  of  electrical  attractions  and 
repulsions.** 

It  is  curious  that  Davy  should  have  overlooked  the  very  early 
work  of  Van  Marum. 
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From  this  work  Davy  naturally  passed  to  the  question  of 
decomposing  the  fixed  alkalies  by  the  current.  It  is  not  so  much 
to  the  work  itself,  beautiful  as  it  was,  to  which  I  wish  to  direct 
attention  now,  as  it  is  to  the  fact  that  Davy  not  only  did  a  vast 
amount  of  work  and  secured  wonderful  results,  but  he  also 
clearly  pointed  out  the  principles  involved,  and  at  this  early  date 
enunciated  the  conditions  of  successful  operation  upon  which  the 
modern  practical  applications  of  electric  heat  to  metallurgical 
operations  rest. 

He  has  so  plainly  traced  the  history  of  his  work  and  pointed 
out  the  underlying  principles  that  I  cannot  do  better  than  quote 
his  own  words.     He  says  :* 

' '  In  the  first  attempt  that  I  made  on  the  decomposition  of  the 
fixed  alkalies,  I  acted  upon  aqueous  solutions  of  potash  and  soda, 
saturated  at  common  temperatures  by  the  highest  electrical 
power  that  I  could  command,  . . .  though  there  was  a  high  inten- 
sity of  action,  the  water  of  the  solutions  alone  was  affected,  and 
hydrogen  and  oxygen  disengaged  with  the  production  of  much 
heat  and  violent  effervescence. 

*  •  The  presence  of  water  appearing  thus  to  prevent  any  decom- 
position, I  used  potash  in  igneous  fusion. 

* '  By  this  arrangement  some  brilliant  phenomena  were  pro- 
duced. 

''I  tried  several  experiments  on  the  electrization  of  potash 
rendered  fluid  by  heat,  with  the  hopes  of  being  able  to  collect 
the  combustible  matter,  but  without  success,  and  I  only  attained 
ray  object,  by  employing  electricity  as  the  common  agent  for 
fusion  and  decomposition.'* 

Here  is  the  clearest  kind  of  statement  of  the  value  of  using 
the  current  for  the  double  purpose  of  fusing  the  material  to  be 
acted  upon,  and  for  decomposing  it.  In  modern  practice  this 
principle  was  used,  notably  in  the  Heroult  process  of  smelting 
aluminum  alloys,  and  is  now  used  in  the  successful  processes  of 
extracting  pure  aluminum,  such  as  the  Hall  process  in  the 
United  States  and  its  equivalents  abroad. 

Continuing,  Davy  said :' 

**  The  substance  was  likewise  produced  from  potash  fused  by 
means  of  a  lamp,  in  glass  tubes  confined  by  mercury  and  fur- 
nished with  hermetically  inserted  platina  wires  by  which  the 
electrical  action  was  transmitted." 

This  may  be  considered  as  a  hint  at  electric  heating  under 
pressure,  as  proposed  later  by  Werderman,  de  Grousilliers  and 
Menges. 

1  Works  of  Sir  Humphry  Davy.  5,  «8,  59*  60. 
9  Works  of  Sir  Humphry  Davy,  5,  01. 
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And  in  regard  to  the  production  of  sodium  he  said  : 

"Soda,  when  acted  upon  in  the  same  manner  as  potash, 
exhibited  an  analogous  result ;  but  the  decomposition  demanded 
greater  intensity  of  action  in  the  batteries,  or  the  alkali  was 
required  to  be  in  much  thinner  and  smaller  pieces." 

In  modern  pi-actice  the  benefits  to  be  derived  from  alloying 
the  separated  metals,  at  the  moment  of  their  reduction,  with 
another  metal,  is  an  essential  element  of  the  Cowles  and  Her- 
oult  aluminum  alloy  processes,  and  also  of  various  processes  of 
the  electrolytic  production  of  caustic  soda,  notably  Castner's 
process.  Here  too  Sir  Humphry-  Davj-  was  early  in  the  field 
with  both  work  and  word. 

After  describing  various  obstacles  and  the  conditions  neces- 
.sary  in  decomposing  the  alkaline  earths  as  an  essential  to  suc- 
cess, he  says  : ' 

'*  Or  of  combining  them  at  the  moment  of  their  decomposition 
by  electricity  in  metallic  alloys,  so  as  to  obtain  evidence  of  their 
nature  and  properties. 

"Barytes,  strontites  and  lime,  slightly  moistened,  were  elec- 
trified by  iron  wires  under  naphtha,  by  the  same  methods  and 
with  the  same  powers  as  those  employed  for  the  decomposition 
of  the  fixed  alkalies. 

*'  I  had  found  in  my  researches  upon  potassium,  that  when  a 
mixture  of  potash  and  the  oxide  of  mercury,  tin  or  lead  was  elec- 
trified in  the  Voltaic  circuit,  the  decomposition  was  very  rapid, 
and  an  amalgam  or  alio}'  of  potassium  was  obtained  ;  the  attrac- 
tion between  the  potassium  and  the  common  metals  apparentl}' 
accelerating  the  separation  of  the  oxygen. 

"The  idea  that  a  similar  kind  of  action  might  assist  the  decom- 
sition  of  the  alkaline  earths,  induced  me  to  electrify  mixtures  of 
these  bodies  and  the  oxide  of  tin,  of  iron,  of  lead,  of  silver,  and 
of  mercury,  and  these  operations  were  far  more  satisfactory  than 
any  of  the  others. 

•*  These  experiments  were  made  previous  to  April,  1808. 

"  The  earths  were  vslightly  moistened,  and  mixed  with  one- 
third  of  oxide  of  mercury,  the  mixture  was  placed  on  a  plate  of 
platina,  a  cavity  was  made  in  the  upper  part  of  it  to  receive  a 
globule  of  mercur}^  of  from  fifty  to  sixty  grains  in  weight,  the 
whole  was  covered  by  a  film  of  naphtha,  and  the  plate  was  made 
positive  and  the  mercury  negative,  by  the  proper  communi- 
cation with  the  battery  of  500. 

"The  amalgams  obtained  in  this  way  were  distilled  in  tubes  of 
plate  glass,  or  in  some  cases  tubes  of  common  glass." 

In  modem  practice  the  crucible  or  containing  vessel  is  usually 

1  Works  of  Sir  Humphry  Davy,  s*  'a4i  107,  108,  iii. 
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used  as  one  of  the  electrodes,  generally  the  negative.  Sr  Hum- 
phry Davy  did  the  same,  but  like  Siemens,  made  his  crucible 
the  positive  pole,  and  in  this  particular  case  used  external  heat 
for  fusing  his  charge.     He  says  :* 

' '  I  fused  a  mixture  of  one  part  of  silex  and  six  of  potash  in  a 
platiua  crucible,  and  preserved  the  mixture  fluid,  and  in  ignition 
over  a  fire  of  charcoal ;  the  crucible  was  rendered  positive  from 
the  battery  of  five  hundred,  and  a  rod  of  platina,  rendered  nega- 
tive, was  brought  in  contact  with  the  alkaline  menstruum. 

"  I  tried  similar  experiments  with  mixtures  of  soda  and 
alumina,  and  soda  and  zircone,  and  used  iron  as  the  negatively 
electrified  metal.*' 

The  work  of  Sir  Humphry  Davy  was  followed  by  the  work  of 
Children,  1 809-1 815.  In  his  first  communication*  he  dealt 
mainly  with  the  difference  in  the  results  produced  by  a  battery 
consisting  of  a  small  number  of  large  plates,  and  one  consisting 
of  a  large  number  of  small  plates.  The  most  interesting  part 
of  this  paper,  in  tracing  the  history  of  metallurgical  electric 
heating,  is  experiment  6,  which  is  undoubtedly  the  first  descrip- 
tion of  the  passage  of  an  electric  current  through  a  mixture  of 
ore  and  resistance  material,  although  it  yielded  no  results.  This 
principle  was  afterwards  very  successfully  employed  by  the 
Messrs.  Cowles.  In  this  experiment  of  Children  a  mixture  of 
sulphate  of  barium,  red  oxide  of  mercury  and  clay  was  sub- 
mitted to  the  action  of  the  current. 

In  his  second  paper*  he  described  his  work  upon  the  relative 
conductivity  of  wires  of  various  metals,  and  found  that  eleva- 
tion of  temperature  affected  the  result. 

He  subjected  various  oxides,  mostly  of  the  rarer  metals,  to 
the  action  of  the  current,  with  varying  results,  some  simply 
fused  more  or  less,  some  were  also  reduced  to  metal.  He  also 
tried  some  experiments  in  simple  melting. 

His  crucible  consisted  of  a  bit  of  boxwood  charcoal,  hollowed 
out  on  top  with  a  little  mercury  in  the  cavity,  serving  as  one 
electrode;  upon  this  was  placed  a  piece  of  the  oxide  ;  the  other 
charcoal  electrode  was  then  brought  near. 

In  this  paper  is  also  described  Pepys  celebrated  experiment  to 
determine  that  the  diamond  was  really  carbon.  For  this  purpose 
a  soft  iron  wire  was  bent  and  split  by  a  saw;  into  the  split  some 
diamond  powder  was  placed  and  bound  in  by  fine  wire,  and  the 
whole  covered  by  leaves  of  talc.  The  current  was  then  passed 
through  the  wire.  The  heat  produced  was  not  high,  but  the 
iron  was  carburized. 

1  Works  of  Sir  Humphry  Davy,  5,  119-120. 
3  Phil.  Trans.,  1809,  3a. 
•  /*«/.,  1815, 363. 
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From  this  time  on  for  over  thirty  years  nothing  seems  to  have 
been  done  in  electric  heating,  although  there  were  a  few  appli- 
cations of  the  xrurrant  to  metallurgical  processes  in  connection 
with  external  or  other  heat,  such  as  the  English  Patents  No. 
9,946  of  1843,  to  A.  Wall,  for  the  use  of  the  current  in  the  blast 
furnace,  and  No.  10,362  of  1844,  and  No.  10,684  of  1845,  to 
Napier  for  treating  copper  ore  by  the  current  in  crucibles. 

In  1848  and  1849  Despretz*  published  a  series  of  articles  in 
which  he  described  the  effect  of  combining  the  heat  from  three 
different  sources,  the  electric  current,  the  blowpipe  and  a  burn- 
ing glass.  He  clearly  illustrates  the  difference  between  temper- 
ature and  quantity  of  heat,  the  great  difference  there  may  be  in 
the  temperature  of  the  source  of  heat  and  the  temperature 
attained  by  the  material  heated,  and  that  the  loss  of  heat  from 
the  material  heated  may  be  supplied  by  a  source  of  heat  at  a 
comparatively  lower  temperature  and  allo\sr  a  higher  tempera- 
tured  source  of  heat  to  exert  its  full  heating  effect.  Thus  on 
heating  magnesia  by  the  current  at  his  command  it  simply 
became  pasty,  but  on  adding  to  this  the  heat  of  the  burning 
glass  it  immediately  volatilized  in  white  fumes. 

He  determined  that  it  is  easier  to  volatilize  carbon  than  to 
melt  it ;  also  that  lime,  magnesia  and  oxide  of  zinc  behave  in 
the  same  way.  He  melted  alumina  to  a  transparent  glass;  he 
also  melted  titanic  acid  in  various  forms,  oxide  of  iron  and  dis- 
then. 

He  suggested  the  use  of  the  current  for  melting  metals  prac- 
tically, and  melted  eighty  grams  of  palladium  and  250  grams  of 
platinum. 

In  his  last  communication  Despretz  described  an  arrangement 
in  which  a  quantity  current  was  passed  through  his  crucible 
while  a  separate  series  current  was  passed  through  the  contents. 

In  1849  an  English  patent  No.  12,772  was  granted  to  Staite  & 
Petrie,  in  which  the  current  was  applied  to  the  treatment  and 
fusion  of  iridium. 

In  1853.  an  English  patent  No.  5  was  granted  to  Watson  & 
Prosser  for  the  use  of  the  current  in  converting  iron  into  steel  by 
which  the  time  of  conversion  was  to  be  shortened,  and  the  quality 
of  the  steel  improved.  In  one  case  the  current  was  passed 
through  the  enclosing  trough,  and  in  another  the  poles  were 
put  into  the  cementing  material  surrounding  the  bars.  These 
propositions  seem  to  resemble  some  of  the  modern  ideas  of  pro- 
ducing heat,  but  it  is  not  clear  that  Watson  &  Prosser  used  suf- 
ficient current  to  produce  any  considerable  heating  eflfect. 

Although  I  have  not  yet  been  able  to  locate  the  exact  date,  I 
mention  here  the  Grove  furnace  which  has  been  called  the  pro- 

l  Compt.  Rend.,  a8.  755 ;  99. 48,  545.  709 ;  30,  369. 


294  REVIEWS. 

totype  of  the  incandescent  furnace.  It  consisted  of  a  carbon 
crucible  set  in  mercury,  making  the  current  connection,  while 
the  cover  served  as  the  other  electrode.  It  was  mentioned  in 
La  Lumiere  Electrique,  19t  350,  and  Scientific  American  Sup.. 
April  24,  18S6. 

We  come  now  to  the  first  real  attempt  to  employ  the  electric 
current  to  heat  and  act  upon  a  charge  of  ore  in  a  practical  way. 
It  is  found  in  the  invention  of  M.  Pichon,  patented  in  France, 
March  16,  1853,  covered  by  English  patent'  No.  700  of  1853. 
In  this  process  iron  or  other  ores  are  mixed  with  carbon  and 
shaken  down  between  two  or  more  pairs  of  electrodes  through 
which  the  current  is  passing,  when  it  melts,  and  after  which  it 
drops  into  an  externally  heated  recepticle  below. 


The  description  of  this  furnace  ( Fig.  i . )  in  Practical  Mechan- 
ics Journal  speaks  of  the  electrodes  as  being  very  large,  but  I 
think  that  feet  should  be  read  inches. 

In  1854  Duvivier'  placed  a  piece  of  disthen  in  the  electric 
flame  and  produced  globules  of  metal. 

There  is  another  long  break  after  1854  in  our  subject,  strictly 
speaking,  although  there  were  many  metallurgical  propositions 
in  which  the  current  was  employed,  but  they  were  either  wet 
processes,  or  else  flame  heat  was  employed. 

i  ^t  bUo  practical  Mrchanill  J..b,  357.  and  Dinsler,  131,  415. 

tCompl.Xend.,i».iafll,. 
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In  1866  Le  Roux'  published  an  exceedingly  inteiesting  and 
saggestive,  but  all  too  brief,  communication  upon  the  action  of 
the  arc  upon  lime  and  strontia.  He  decomposed  lime  and  stron- 
tia  in  the  arc  and  studied  the  reactions  spectroscopically.  He 
determined  that  the  metals  calcium  and  strontium  were  reduced, 
and  carefully  distinguished  between  the  spectrum  of  the  metals 
themselves  and  the  spectrum  of  the  white  light  resulting  from 
the  incandescence  of  the  oxides.  He  asks  the  questions :  Is 
the  separation  of  the  metals  the  result  of  electro-chemical  decom- 
position ?  Is  it  due  to  vapor  of  carbon  ?  Is  it  due  to  dissocia- 
tion from  heat  alone  ?    But  he  does  not  answer  them. 

We  have  seen  that  up  to  this  time  considerable  work  of  a  sci- 
entific character  had  been  done  from  time  to  time  in  the  field  of 
dry  electro-metallurgy,  and  that  some  suggestions  at  least  had 
been  made  for  the  practical  application  of  the  current  in  this 
field.  Undoubtedly,  however,  the  cost  of  the  current  at  this 
time  was  prohibitive.  In  looking  over  the  field  we  can  see  the 
germs  of  modern  processes,  and  easily  imagine  that  if  the  early 
workers  had  been  supplied  with  cheap  current  they  would  have 
carried  their  work  very  much  farther,  and  developed  practical 
electric  metallurgical  processes  of  value,  but  it  remains  as  a  fact 
that  they  did  not  have  cheap  current,  and  did  not  invent  modem 
electric  metallurgy. 

With  the  development  of  the  dynamo  in  the  seventies  came  a 
wave  of  activity  in  the  application  of  the  current  to  metallurgy 
in  the  late  seventies,  and  early  eighties. 

Before  considering  this  growth  in  detail  it  is  well  to  look  at 
the  advantages  to  be  derived  from  the  current  as  a  heating  agent. 
In  doing  this  a  sharp  distinction  between  quantity  of  heat  and 
degree  of  temperature  should  always  be  kept  in  mind.  Unfor- 
tunately these  terms  are  often  used,  even  by  persons  who  really 
know  better,  and  who  thereby  mislead  those  who  do  not  know 
better,  as  if  they  were  synonymous.  This  is  not  at  all  the  case. 
We  may  have  an  enormous  quantity  of  heat  developed  at  a  low 
degree  of  temperature  of  which  the  pile  of  rotting  apples  is  the 
old  and  familiar  example.  On  the  other  hand,  we  may  have  a 
very  high  temperature  developed  by  a  small  quantity  of  heat. 
A  good  blowpiper  can  melt  fine  platinum  wire  in  a  small  blow- 
pipe flame.  While  the  combustion  of  a  given  quantity  of  fuel 
will  always  supply  the  same  quantity  of  heat  the  temperature 
developed  may  var>'  enormously.  When  we  carry  this  consid- 
eration farther  and  apply  it  to  the  practical  application  of  heat, 
this  difference  becomes  much  more  marked  and  pronounced. 
For  instance,  a  mixture  of  iron  ore  and  carbon  may  be  supplied 
with  any  quantity  of  heat  at  a  low  temperature  without  reduc- 

1  Compi.  Xend.t  90, 1150. 
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ing  the  metal ;  or  a  mixture  of  bar  iron  and  carbon  may  be  heated 
indefinitely  to  a  low  temperature  without  producing  steel,  but 
once  the  proper  degree  of  temperature  is  reached  the  required 
reactions  take  place.  On  the  other  hand,  the  proper  tempera- 
ture once  attained,  a  sufficient  quantity  of  heat  at  the  right  tem- 
perature must  be  supplied  to  carry  on  operations.  While  the 
good  blowpiper  can  readily  melt  a  fine  platinum  wire  in  his 
flame  yet  he  cannot  even  soften  a  stout  laboratory  rod  of  plati- 
num. 

In  practical  work  we  are  farther  limited  by  materials  of  con- 
struction, their  fusibility,  their  heat  conduction  and  radiation. 

The  temperature  attainable  by  ordinary  combustion  is  limited 
by  the  temperature  of  dissociation  of  carbon  and  oxygen,  which 
has  been  put  at  2500®  to  2600**  C,  but  at  such  temperatures  com- 
bustion is  slow  and  losses  of  heat  large,  so  that  the  practically 
attainable  flame  furnace  temperature  is  probably  about  1800**  to 
2000®  C,  while  the  practical  oxyhydrogen  blowpipe  temperature 
may  be  several  hundred  degrees  higher,  but  where  the  flame 
must  not  come  in  contact  with  the  materials  under  treatment, 
and  the  heat  must  pass  through  the  walls  of  a  crucible  or  muf- 
fle, we  must  be  content  with  a  very  much  lower  temperature. 

With  the  electric  current  the  conditions  are  changed.  The 
first  and  most  striking  factor  is  the  enormous  temperature  that 
can  be  both  experimentally  and  practically  reached.  What  the 
maximum  temperature  attainable  may  be  has  not  yet  been  estab- 
lished, but  temperatures  about  3800'  C.  have  been  measured  by 
Moissan  and  Violle.  The  second  factor  is  that  the  heat  can  be 
developed  right  at  the  point  where  it  is  utilized,  and  the  losses 
reduced  to  the  minimum.  This  is  especially  advantageous  in 
replacing  muffle  and  crucible  heating,  as  is  also  the  fact  that  the 
heat  is  secured  without  the  introduction  of  enormous  quantities 
of  products  of  combustion.  Again,  the  temperature  is  under 
most  perfect  control,  and  can  be  adjusted  with  the  utmost  nicety. 
There  are  also  minor  advantages  in  the  cleanliness  and  com- 
pactness of  the  operations. 

It  remains,  however,  that  the  cost  of  the  current  limits  its 
practical  application  even  now  to  a  few  special  cases,  and  this  is 
likely  to  remain  so  until  the  dream  of  the  electrician  of  convert- 
ing coal  directly  into  current  be  realized. 

In  1875  an  English  patent,  No.  4,043,  was  issued  to  G.  L. 
Fox  for  heating  a  crucible  by  the  heat  generated  by  resistance 
to  the  passage  of  the  current,  but  curiously  enough  his  resist- 
ance material  was  placed  outside  his  crucible,  and  the  heat  had 
still  to  pass  through  the  walls  of  the  crucible. 

In  1878  a  voluminous  French  patent.  No.  122,227,  was  issued 


to  M.  RepieS,  in  which  arrangements  of  electrodes  for  electric 
furnaces  are  shown.     In  the 
electric  light  part  of  his  pat- 
ent he  also  uses  oxides  to  color 
his  light. 

In  1878  an  English  patent, 
No.  4, 650,  was  issued  to  Clarke 
and  Smith  for  producing  am- 
monia hy  passing  a  mixture 

of    nitrogen    and    hydrogen  , 

throughsufficiently  prolonged 
white  heat  produced  by  the 
electric  arc. 

The  next  electric  furnace 
was  that  described  in  the  cele- 
brated English  patent,  No. 
2,110,  of  May  27th,  1879,  to 
C.W.  Siemens.  This  may  be 
said  to  inaugurate  the  era  of 
electric  furnaces  proper,  and 
to  be  the  first  real,  hearty,  and 
systematic  attempt  to  make 
practical  use  of  heating  by 
the  current. 

As  described  in  the  patent 
with  all  its  attendants  of  water 
cooled  electrodes  and  regula- 
ting devices  it  is  a  formidable 
and  elaborate  piece  of  appara- 
tus, but  divested  of  tts  acces- 
sories its  real  operating  parts  Fig.  1.  sicmco*'  punMce. 
become  simply  a  crucible  pro- 
vided with  two  electrodes,  arranged  either  vertically  (Fig.  2)  or 
horizontally  (Fig.  3),  through  which  the  current  passes. 


Pis.  3.    Bicmeiu'  Puniace. 
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This  apparatus  was  described  and  exhibited  in  actual  open- 
tioo  before  the  Society  of  Telegraph  Engineers'  and  the  Britisli 
Association*.  The  descriptions  and  exhibitions  were  confined 
for  the  moat  part  to  simple  melting  operations,  although  some 
attempts  to  saturate  iron  with  carbon  are  described.  It  does  not 
appear  that  Siemens  ever  used  his  furnace  for  the  reduction  of 
metals,  although  the  article  in  Iron  suggests  that  it  might  be  so 
used.  The  death  of  Siemens  undoubtedly  cut  off  work  in  that 
direction  with  this  apparatus. 

In  1881  a  United 
States  patent.  No.  336,- 
478,  was  issued  to  Ball 
and  Guest  for  an  elec* 
tricalcarbonizingappa- 
ratua  (Fig.  4)  to  pro- 
duce carbons  for  the 
electric  light.  The  ar- 
ticles to  be  carbonized 
are  placed  in  a  pile 
within  a  case  and  are 
surrounded  by  pulver- 
ized carbon.  The  case 
is  then  brought  into 
the  circuit  and  the  con- 
tents thereby  heated. 
A  portion  of  the  cur- 
rent passes  through  the 
carbon  packing . 

In  1881  an  English 
patent,  No.  304,  was 
issued  to  Werderman 
for  preparing  carbon 
from  sugar,  which  was 
then  subjected  in  a 
mold  to  a  white  heat  by 
Fig. A.  B.11  .Dd GueMf  Furnace.  t^e  passage  of  the  Cur- 

rent, for  use  in  electric  lamps.  In  the  same  year  silicon  was  to 
be  heated  by  the  current  to  prepare  it  for  use  in  electric  lamps, 
French  patent.  No.  144,317. 

The  Belgian  patent,  No.  144,387,  of  Aug.  13,  1881,  described 
a  special  form  of  furnace  with  one  or  more  pairs  of  electrodes  to 
be  forced  forward  by  springs.  The  furnace  was  calcined  mag- 
nesia mixed  with  metallic  oxides. 

In  the  English  patent,  No.  3,757,  of  1882,  Werdeman  pro- 

V.  Sx.  T*l.  Enr.,  a,  tfs. 

■  Hum.  JVetei.  48,  ijj  ;  in  bIk)  /m  Supplement,  iSSo.  p.  414- 


REVIEWS.  299 

posed  to  heat  silicon  under  pressure  by  the  passage  of  the  cur- 
rent. 

At  the  Washington  meeting  of  the  American  Institute  of 
Mining  Engineers,  in  February,  1882,  in  discussing  the  paper 
of  Ur.  Keith  on  the  appUcation  of  electricity  to  mining  and 


FiB.5.    Paure'i  Furuace. 

metallui^y,  Mr.  H.  M.  Howe'  briefly  outlined  a  process  which 
should  have  been  developed  into  a  saccessful  commercial  pro- 
cess.    He  said : 
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"The  aluminous  compound  is  placed  in  a  carbon  crucible, 
which  is  connected  as  the  cathode  of  an  electric  current  of  great 
intensity.  A  voltaic  arc  is  then  thrown  across  from  another 
electrode  against  this  carbon  crucible,  the  current  thus  first 
melting  and  then  decomposing  the  aluminous  compound,  and 
metallic  aluminum  being  deposited  on  the  sides  of  the  crucible." 

In  1880-82-83-84  a  series  of  patents'  was  issued  to  M.  C.  A. 
Faure,  which  has  attracted  considerable  attention;  more  per- 
haps from  their  suggest!  veness  than  from  their  actual  contents. 
As  described  in  the  English  patent,  No.  6,058,  of  i88a,  the  pro- 
cew  was  designed  for  the  reduction  of  sodium,  and  the  furnace 
(Fig.  5)  consisted  of  a  tube  in  which  the  charge  was  first  heated 
by  an  external  fire.  It  was  theu  passed  into  a  chamber  pro- 
vided with  electrodes  for  the  passage  of  the  current  where  it 


was  intensely  heated.  Below  was  an  automatic  discharge  for 
the  refuse.  There  were  al.so  suitable  condensing  arrangements. 
Chronologically  considered,  the  United  States  patents  to  C.  S. 
Bradley  may  be  considered  here,  since  the  fundamental  applica- 
tion was  filed  in  February,  18S3,  although  the  patents  were  not 
issued  for  about  nine  years.'  In  these  three  patents  (Fig.  6) 
the  claims  are  drawn  to  cover  three  points.  Using  an  unfused 
portion  of  the  charge  itself  to  enclose  and  contain  the  bath  of 
fused  material.     Using  the  current  for  the  double  purpose  of 

1  French  patent  Vo.  139, i^S,    En^lisli  psteot  No.  6,osa,  of  i3«i,  ■nds.4»».  of  1883.  mnd 
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filing  and  decomposing  the  charge.  Using  a  downwardly  pro- 
jecting blowpipe,  or  other  flame,  to  supply  a  portion  of  the  heat. 

A  United  States  patent,  No.  283,964  was  issued  to  Dela- 
plaine,  Hendrickson,  and  Clamer,  in  1883,  for  melting  the  tin 
ofi  from  tin  scrap  by  the  current. 

When,  in  1885-86,  the  simple  and  beautiful  process  of  Messrs. 
E.  H.  and  A.  H.  Cowles'  was  announced,  both  the  scientific  and 
practical  worlds  were  surprised  and  intensely  interested,  and  a 
revolution  in  high  heat  metallurgy  seemed  imminent,  particu- 
larly in  the  metallurgy  of  aluminum,  but  later  developments 
have  not  fulfilled  the  early  promises  in  general  metallurgy, 
and  aluminum  metallurgy  has  now  passed  out  of  the  field 
of  high  heats. 

This  process  consists  in  mixing  the  ore  to  be  reduced  with  a 
so-called  resistance  material  (which  for  practical  reasons  was 
carbon)  and  then  passing  the  current  through.  The  current 
generated  a  very  high  heat  and  difficultly  reducible  oxides  were 
reduced  to  metal.  In  the  case  of  aluminum  the  reaction  went  a 
step  farther,  and  the  reduced  metal  combined  with  the  carbon 
and  formed  a  carbide  of  aluminum. 

The  generation  of  the  heat  was  attributed  to  the  passage  of 
the  current  through  the  resistance  material.  This  was  not 
altogether  so,  but  the  high  heat  was  geiierated  by  the  passage 
of  the  current  from  particles  of  the  charge  to  other  particles,  in 
other  words,  by  dividing  up  the  current  into  innumerable 
small  arcs,  and  the  great  advantage  of  the  process  ties  in  evenly 
distributing  the  heat  of  a  large  arc  through  a  considerable  space, 
through  which  the  material  to  be  acted  upon  is  distributed. 


File.  7.    Cowlea'  I'uTiiace.    (Outilde.) 

The  furnace  (Fig.   7)  consisted  of  an  outside  case  of  brick 

■United  State*  putetil*  Noi,  319.795',  319.U5;  314.653.  ■nd  oihcri.  Alio  foreign 
■nlenU.  The  Cowlei  procesi  traa  videly  dCKnbed.  Ptoc.  A.  A,  A.  S.  M.  136:  Truns 
A.l.M.B..U.tif3:J.f^tiliit  Insl..  111.  m.  and  lU.  51  «nd  —  '  "—  '"—  '—'  ■ 
»i;  Mimt.Sci.,rSk.  ffiS.  and  iS-"  - — ' •— "-  - 
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work,  lined  on  the  inside  with  carbon,  then  the  charge  contain- 
iiig  the  ore  and  carbon  was  put  into  the  centre  in  contact  with 
the  electrodes,  the  charge  was  covered  with  carbon  and  a  per- 
forated cover  placed  over  all. 

By  this  process  silicon,  potassium,  sodium,  magnesium,  cal- 
cium, chromium,  and  titanium,  as  well  as  aluminum  were  pro- 
duced, but  on  account  of  so  much  of  the  aluminum  combining 
with  carbon  it  became  necessary  to  introduce  an  alloying  metal 


into  the  charge.  This  was  usually  copper  or  iron.  By  this  pro- 
cess the  price  of  aluminum  in  alloys  was  very  largely  reduced, 
but  no  considerable  amount  of  the  pure  metal  was  ever  pro- 
duced. 

In  1886  a  United  States  patent.  No.  335,499  was  issued  to 
Bradley  and  Crocker,  in  which  the  current  was  used  to  heat  the 
charge,  and  was  divided  into  two  portions,  one  part  passed 
through  the  walls  of  the  retort,  and  another  passed  through  the 
charge. 

In  1887-88  a  series  of  patents'  was  granted  to  M.  P.  L.  T. 
HerouU,  in  which  alumina  was  melted  by  the  passage  of  the 
current  and  then  electrolyzed  with  molten  copper,  or  iron,  as  the 
cathode  with  which  the  separated  aluminum  alloyed. 

The  furnace  (Fig.  8)  was  a  suitable  containing  vessel  of  car- 
bon to  which  the  negative  wire  was  attached.  The  positive 
electrode  was  of  carbon.  In  rumiing  the  furnace  copper  or  iron 
was  first  put  in  and  melted  by  the  current,  then  alumina  was 
added,  which  was  also  melted,  and  then  electrolyzed  by  the  cur- 
rent. More  alumina  and  copper,  or  iron,  were  added  from  time 
to  time,  and  the  resulting  alloy  was  tapped  out  periodically. 

This  was  a  very  promising  high  heat  alloying  process,  but  it, 
as  well  as  the  Cowles  process,  was  superseded  in  the  aluminum 
field  hy  the  Hall  process  of  producing  the  pure  metal,  of  which 
it  is  only  necessary  to  say  here  that  in  this  process  the  charge  is 
both  melted  and  electrolyzed  by  the  current,  but  the  fact  is  to  be 
emphasized  that  only  a  comparatively  low  temperature  is 
required. 

>  Frcocta  patCBt  No.  ito.ooj.  BelRlan  patent  So.  Tl.ioo.  Bnsllih  pBtent  No.  T4A  •( 
iMi.  United  SUUipiltot  So.  fij.sji.  See  al*o  KichanU  Alumialum,  nd  cJL.p.jt 
indjo}.    Tnai.  A.  f  H.  R..  il.Wt.    tnduitiiei.  Vol.  V,  p.«D5. 
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Prom  1892  to  March  15,  1S95,'  there  has  been  much  pub- 
lished regardiog  the  work  of  M.  Henri  Moissao,  who  has  done 
so  much  fine  work  in  the  field  of  high  temperatures,  and  has 
accomplished  such  wonderful  results. 


(3W=fi 


yig.  i.    Heroult'i  Fumice. 

He  employed  various  styles  of  furnaces  and  diflferent  amounts 
of  current.  His  early  furnace  (Pig-  9)  consisted  of  a  simple 
block  of  quicklime  suitably  bound,  and  provided  with  electrodes 

>  Cm><.  nnd.,  iij,  1031 ;  III.  549;  III.  ^:  III,  116  and  jBi.  Lb  Nature.  Vol.  ii,  pL 
l,/<W.P-nS"i«lm-    AHm.aim.J*yi.l7].A.l»6. 
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and  a  cover.     In  this  some  very  interesting  results  were  obtained. 


"^•i 


'Qt. 


Pig.  9.    MoiiiBU'i  Early  Poniace. 

Another  funiace(  Fig.  10)  wasespeciallydesignedfordetermining 
the  temperature  by  the  specific  heat  method.  A  pieceof  carbon  was 


put  on  the  end  of  one  electrode,  the  current  passed,  and  the  car- 
bon pushed  off  from  the  electrode,  at  the  same  time  a  slide  was 
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withdrawn  from  the  bottom  of  the  furaace  and  the  hot  carbon 
allowed  to  fall  in  the  calorimeter  below.  A  number  of  tempera- 
ture determinations  were  made  in  connection  with  M.  Violle. 
Another  furnace  (Fig.  11)  was  provided  with  tubes  for  the  intro- 


duction of  gases.  In  this  pure  and  colorless  carbide  of  silicon 
was  formed  from  carbon  and  silicon  vapors.  This  furnace  also 
had  various  layers,  beginning  with  lime  on  the  outside,  and  fol- 


Fig.  11.    Hoi*Mn'9  PuriHcc  wiih  Tcaumparcat  Bndi  lud  Magnet. 

Wed  by  carbon  and  then  magnesia  on  the  inside,  or  vice  versa. 
Another  furnace  (Pig.  la)  had  transparent  ends  of  glass,  or 
mica,  so  that  the  operations  could  be  watched.  It  also  had 
magnets  to  direct  and  control  the  arc. 

In  this  work  Moissan  designed  to  investigate  and  study  the 
^mple  heating  eSect  of  the  current  separated  as  much  as  possi- 
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ble  from  any  electrolytic  effect.     He  speaks  of  and  treats  the 
arc  as  one  would  speak  of  an  ordinary  flame. 

Moissan  began  with  a  very  moderate  current  of  thirty-five  to 
forty  amperes  at  fifty-five  volts,  and  passed  through  various 
stages  up  to  1 200-1600  amperes  at  no  volts. 

A  few  of  the  results  obtained  by  Moissan  may  be  mentioned. 
Magnesia  was  the  only  irreducible  oxide  found,  it  was  melted 
and  volatilized.  Lime,  strontia,  and  magnesia  began  to  volatil- 
ize before  melting.  Lime  was  easily  melted  and  the  metal  cal- 
cium reduced,  but  it  immediately  combined  with  the  carbon 
vapor  forming  calcium  carbide  (CaC,).  Alumina  and  platinum 
were  volatilized.  Artificial  diamonds  were  produced.  Various 
temperatures  from  2000®  to  about  3800**  C.  were  measured.  Car- 
bon begins  to  volatilize  at  about  3500**  C.  Various  quantities  of 
the  rarer  metals  were  reduced,  200  to  300  grams  of  uranium  ; 
100  grams  of  vanadium  ;  ten  kilos  of  chromium,  as  well  as  man- 
ganese. 

As  in  practical  flame  work  the  amount  of  fuel  burned  deter- 
mines the  temperature  of  the  furnace,  so  in  this  case  the  amount 
of  current  passed  determines  the  temperature  and  the  funiace 
must  be  designed  to  stand  the  current  to  be  employed.  While 
Moissan's  small  furnace  will  stand  the  temperature  developed 
by  small  currents,  yet  with  1200  amperes  at  no  volts  the  lime 
and  magnesia  melt  down,  volatilize  rapidly,  and  in  a  few 
moments  the  furnace  is  spoiled  at  a  temperature  of  about  3500°  C. 

For  materials  of  construction  it  was  found  that  lime  was  the 
best  nonconductor  for  heat,  but  its  fusibility  and  the  ease  of 
forming  the  carbide,  prevent  its  use  for  the  inside  of  the  funiace 
at  very  high  temperatures.  Compared  with  lime,  carbon  is  a 
good  conductor  of  heat.  Magnesia  is  also  a  better  heat  conduc- 
tor than  lime.  It  does  not  form  carbide  of  magnesium,  and 
therefore  can  be  heated  very  hot  in  direct  contact  with  carbon, 
while  lime  cannot.  It,  however,  is  volatile,  and  can  be  melted 
at  very  high  temperature.  Practically,  therefore,  the  outside  of 
the  furnace  is  quicklime,  while  the  interior  is  variously  lined 
with  carbon  or  magnesia,  or  both,  and  when  carbon  is  in  direct 
contact  with  the  lime  it  must  not  get  too  hot  at  the  point  of  con- 
tact. 

In  1893  a  United  States  patent.  No.  492,767,'  was  issued  to 
E.  G.  Acheson  in  which  a  mixture  of  silica,  carbon,  and  salt 
was  heated  by  the  passage  of  the  current  and  silicon  carbide  pro- 
duced, which  has  found  considerable  application  as  an  abrasive. 

In   the  present  early  stage  and  activity  of  the  calcium  car- 

*  See  also/.  FraMklin  fust  ,  136.  194  and  229 ;  137,  401.      Sci.  Am.,  70, 215.      Wes»t.  Elcc. 
17.  27»-     N.  V   Snii.  Oct.  20.  iSgs.     Cassicrj*  Mnjr..  9,  387. 
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bide  and  barium  carbide  questioiis  it  might  not  be  wise  to  go 
into  the  details  of  the  work  and  the  claims  of  the  various  workers 
(Borscher,  Maquenne,  Moissan,  Travers,  Willson,  I  arrange 
these  names  simply  alphabetically)  but  I  mention  these  various 
carbide  processes  to  show  the  present  condition  of  our  subject, 
and  to  draw  especial  attention  to  a  notable  fact. 

In  reviewing  our  subject  we  find  that  in  the  early  days  the 
current  was  suggested,  tried  and  used  for  various  metallurgical 
operations,  in  which  both  the  heating  and  decomposing  actions 
of  the  current  were  utilized.  Then  in  the  principal,  practical 
part  of  the  field,  that  of  the  production  of  sodium  and  aluminum, 
the  generation  of  intense  temperatures  became  paramount.  This 
activity  culminated  iii  the  high  heat  processes  of  Cowles  and 
Heroult,  and  they  were  very  soon  superseded  by  the  low  tem- 
perature process  of  Hall  for  the  production  of  aluminum,  which 
carried  with  it  the  greater  part  of  the  demand  for  the  production 
of  sodium. 

At  the  present  day,  therefore,  there  is  no  practical  production 
of  metals  by  high  electric  heats,  with  the  possible  exception  of 
th^  production  of  chromium.  On  the  other  hand,  high  electric 
heats  are  being  employed  to  go  a  step  beyond  the  reduction  of 
the  metals,  and  to  form  new  compounds,  as  in  the  carbide  pro- 
cesses mentioned.  In  these  the  metals  are  first  reduced,  and  are 
then  immediately  recombined  with  carbon,  and  thus  in  the  field 
of  high  heat  our  subject  becomes  the  application  of  high  electric 
heat  to  chemistry. 
Jan,  i4t  1896.  Prbdbric  P.  Dbwby. 


NOTES. 

TTie  Second  Iniemaiional  Congress  of  Applied  Chemistry, — The 
First  International  Congress  of  Applied  Chemistry  was  held  at 
Brussels,  under  the  patronage  of  the  Belgian  Government,  from 
Aug^t  4th  to  I  ith,  1894.  On  the  last  day  of  the  meeting  it  was 
voted  to  hold  the  next  congress  in  Paris,  in  1896.  This 
approaching  congress  will  be  held  in  August  of  this  year,  the 
exact  date  to  be  hereafter  published  in  this  Journal,  under  the 
patronage  of  the  French  Government  and  pursuant  to  a  plan  of 
organization  formulated  by  the  Association  of  Chemists  of  the 
Sugar  Industry  and  Distilling  in  Prance  and  the  Colonies.  M. 
Berthelot,  the  distinguished  chemist,  and  now  Minister  of  For- 
eign Affairs,  is  one  of  the  Presidents  of  Honor.  The  congress 
will  be  held  in  ten  sections,  as  follows  : 
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Sec.  I.  Chemistry  applied  to  the  sugar  industry. 

Sec.  II.  Fermented  and  distilled  beverages,  cider,  and  vine- 
gar. 

Sec.  III.  Agricultural  industries,  including  dairying,  starch 
making,  bread  making,  milling,  etc. 

Sec.  IV.  Agricultural  chemistry,  including  fertilizers,  soils, 
waters,  cattle  feeding,  etc. 

Sec.  V.  Chemistry  applied  to  the  customs,  including  methods 
of  analysis  of  all  the  dutiable  substances  where  the  duty  depends 
on  chemical  composition. 

Sec.  VI.     Fats,  tannin,  rubber,  paints,  color,  paper,-  etc. 

Sec.  VII.  Photography. 

Sec.  VIII.  Metallurgy. 

Sec.  IX.  Biochemistry,  foods,  poisons,  potable  waters,  micro- 
scopy, bacteriology,  spectroscopy,  etc. 

Sec.  X.  Electrochemistry. 

The  undersigned  committee  for  the  United  States  has  been 
appointed  by  the  Provisional  Council  of  the  Congress,  and  we 
beg  to  call  the  attention  of  all  American  chemists,  who  expect 
to  \dsit  Europe  during  the  coming  summer,  to  the  desirability  of 
attending  the  meetings  of  the  Congress.  On  application,  the 
chairman  of  the  committee  will  send  a  copy  of  the  provisional 
program,  showing  the  character  of  the  questions  which  will  be 
under  discussion  and  containing  a  blank  application  for  mem- 
bership, which  should  be  filled  and  sent  to  the  proper  address, 
before  the  date  of  the  meeting.  Already  more  than  900  chemists 
have  entered  their  names  as  members  of  the  Congress,  and  it  is 
confidently  expected  that  the  membership  will  reach  2000.  The 
committee  respectfully  invites  the  cooperation  of  all  American 
chemists  who  hope  to  be  able  to  attend  the  meetings  or  contrib- 
ute papers  for  discussion. 

Dr.  H.  W.  Wiley.  Dept,  of  Agriculture,  Washington,  D.  C, 
'Chairman. 

Prof.  Peter  T.  Austen,  Polytechnic  Institute,  Brooklyn,  N.  Y. 

Prof.  F.  W.  Clarke;  U.  S.  Geological  Survey,  Washington, 
D.  C. 

Dr.  Charles  B.  Dudley,  Pres.  Amer.  Chem.  Society,  Altoona, 
Pa. 
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Prof.  F.  A.  Gooch,  Yale  University,  New  Haven,  Conn. 
Prof.  Charles  Loring  Jackson,  Harvard  Univ.,  Cambridge, 


Dr.  Wm.  McMurtrie,  106  Wall  St.,  N.  Y.  City. 

Prof.  Charles  £.  Munroe,  Columbian  Univ,  Washington,  D.C. 

Prof.  Albert  B.  Prescott,  Univ.  of  Michigan,  Ann  Arbor,  Mich. 

Prof.  W.  B.  Rising,  Univ.  of  Cal.,  Berkeley,  Cal. 

Dr.  G.  L.  Spencer,  Centralia,  Wis. 

Dr.  W.  C.  Stubbs,  Audubon  Park,  New  Orleans,  La. 

Dr.  Thomas  Taylor,  Washington,  D.  C. 


The  Cyanide  Method  of  ExtrcLcting  Gold  from  its  Ores,  Appli- 
caiian  to  the  Assays  of  Ores  Poor  in  Gold  and  Silver,^ — Prelimi- 
nary Notice. — Having  undertaken  this  work,  at  the  suggestion  of 
Prof.  Mallet,  only  within  the  last  two  or  three  weeks,  I  have  no 
exhaustive  report  of  any  nature  to  present.  The  work  has  not, 
as  yet,  advanced  to  such  a  stage  that  results  can  be  stated  satis- 
factorily in  numbers.  The  attempts  to  apply  this  method  to 
assay  purposes  may  have  been  already  made.  If  so,  I  have  been 
unable  to  find  any  statement  of  that  fact,  and  have  no  knowledge 
that  such  an  attempt  has  been  made. 

I  am  at  present  comparing  the  method  with  the  methods  using  . 
chlorine  and  bromine.     Quartz  ores,  too  poor  in  gold  or  silver  to 
be  advantageously  worked  by  the  ordinary  method  of  crucible 
assay,  are  the  ores  so  far  used. 

The  pulverized  ore  is  well  and  repeatedly  shaken  with  0.25 
per  cent,  solution  of  potassium  cyanide,  free  access  of  air  being 
provided  for.  After  filtration  and  partial  evaporation,  the  liquid 
is  slowly  passed  over  pure  zinc  filings.  The  zinc  is  then  scori- 
fied with  a  larger  amount  of  lead  and  the  button  cupelled. 

The  work  has  only  progressed-  far  enough  to  give  hopes  of 
good  results.  It  seems  at  this  stage  to  offer  several  advantages 
over  the  other  methods  mentioned. 

The  cyanide  extracts  the  silver  as  well  as  the  gold ;  bromine 
and  chlorine  only  extracting  the  gold.  The  extremely  disagree- 
able fumes  of  the  other  methods  are  entirely  avoided.  The  work 
can  be  conducted  without  the  use  of  hoods  or  fume  rooms. 

1  Read  at  Uie  Cleveland  meeting,  December  31,  1895. 
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The  method  yields  the  metals  in  a  condition  in  which  they  can 
be  more  easily  handled  and  their  weights  determined  than  can 
be  the  exceedingly  fine  precipitate  from  the  bromine  or  chlorine 
solution. 

The  time  is  materially  shortened,  the  long  delay  in  the  collec- 
tion of  the  gold  by  the  use  of  ferrous  sulphate  or  oxalic  acid 
being  avoided. 

In  the  few  comparisons  made,  the  amount  of  gold  (and  silver) 
extracted  has  been  greater  with  the  cyanide  method  than  with 
the  others.  Though  sufficient  work  has  not  as  yet  been  done  to 
make  this  reliable. 

Before  pronouncing  on  the  availability  of  the  method,  other 
classes  of  ores  than  those  so  far  used  (quartz  ore  with  and  with- 
out pyrite)  will  be  treated. 

I  expect  to  push  the  work  as  rapidly  as  possible. 
Jan.  J,  i8g6.  Wii^i^iam  J.  Martin,  Jr. 
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THE  HANUFACTURE  OP  CALCIUM  CARBIDE.' 

By  J.  T.   MORBHBAD  AND  G.  DB  CRALMOT. 
Received  lanuary  17.  iS96. 

SO  universal  is  the  interest  in  acetylene  gas  and  so  different 
the  estimates  and  opinions  as  to  the  cost  of  calcium  carbide 
as  a  source  of  the  cheap  production  of  acetylene  gas,  that  we 
have  thought  it  desirable  to  place  on  record  the  data  from  our 
actual  experience  in  the  production  of  calcium  carbide  in  quan- 
tities. The  works  of  the  Willson  Aluminum  Company  have 
been  running  night  and  day  since  May  ist,  1895,  producing 
calcium  carbide.  These  works  are  daily  duplicating  the  results 
here  given  and  can  expand  indefinitely.  Each  individual  step, 
except  water  power,  as  taken  at  Spray,  N.  C,  is  capable  of 
being  changed  in  the  direction  of  reducing  the  cost  of  the 
output,  as  these  efforts  have  been  attended  with  the  clumsiness, 
lack  of  adaptability  and  excessive  cost  that  is  incident  to  all 
efforts  along  an  untrodden  path.  Still  we  can  produce  calcium 
carbide  at  less  than  $25.00  per  ton,  including  wear  and  tear 
and  interest  on  capital. 

Beyond  looking  after  the  dynamos,  no  special  training  is 
necessary,  as  neither  metallurgical  nor  chemical  skill  is  required 
in  the  operations.  We  grind  and  mix  coke  and  lime,  start  the 
water  wheel,  see  that  the  arc  is  formed,  shovel  in  the  mixture  of 
lime  and  coke  and  the  volt-  and  ammeter  show  when  to  lower  or 

1  Head  Sept.  3d,  before  the  Springfield  meeting  of  the  A.  A.  A.  S.  by  one  of  us  (M). 
We  have  made  since  then  several  additions,  so  as  to  make  the  article  complete  up  to 
tbe  present  time. 
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raise  the  carbon  pencils,  which  is  done  by  means  of  a  screw 
located  in  the  dynamo  room,  away  from  the  furnace.  We  can 
measure  with  an  ordinary  yard  stick  on  this  screw  the  height  of 
the  piece  of  carbide  in  the  furnace.  We  stop  when  we  have 
raised  the  carbon  pencils  thirty-three  inches,  switch  the  current 
off  to  another  furnace  and  repeat  the  operation.  The  carbide  in 
the  former  furnace,  as  soon  as  cooled  and  brought  in  contact 
with  water,  is  all  ready  to  do  perfect  work  in  generating  acetylene 
gas  ;  it  will  proceed  with  this  work  without  help  and  will 
make  room  therefor  in  spite  even  of  bands  of  steel. 

Water  power  costs  us  S6.00  per  horse  power.  Water  in  the 
raceways  ready  for  the  water  wheels  is  now  offered  in  enormous 
quantities  to  the  Willson  Aluminum  Company  at  the  rate  of 
$5.00  per  horse  power  per  5'ear.  These  powers  are  located  at 
different  places,  where  coke  and  lime  can  be  had  cheaply,  and 
also  cheap  transportation  for  the  carbide  to  the  market. 

The  technical  description  of  our  process  which  follows  here- 
with was  written  by  G.  de  Chalmot,  who  has  had  for  some  time 
personal  supervision  of  the  operations  of  the  Willson  Aluminum 
Company. 

In  the  year  1888  Mr.  T.  L.  Willson  started  a  series  of  experi- 
ments with  a  view  of  reducing  refractory  ores  in  the  electric  fur- 
nace, and  among  other  valuable  things  he  made  calcium  carbide.' 

We  will  first  give  a  short  description  of  the  furnace  and  a 
general  outline  of  the  process,  then  enlarge  somewhat  on  the 
details.  The  furnace  used  in  Spray,  N.  C,  is  built  of  ordinary 
brick  (a  sectional  front  view  is  given  in  figure  i).  The  front 
side  is  formed  by  four  iron  doors,  the  one  above  the  other.  The 
upper  two  remain  closed  usually.  The  chimney  is  attached  near 
the  top  of  the  furnace,  and  commences  with  a  flue  m  in  the  cor- 
ner. The  furnace  measures  at  the  bottom  inside  two  and  one- 
half  by  three  feet.     The  electric  current  enters  at  the  bottom 

1  We  will  note  h«re  that  Moissan,  who  discovered  this  proces^s  for  makiugr  carbide, 
independently  of  Mr.  Willson,  communicated  iucidentafly  at  the  meeting  of  the  French 
Academy  of  December  12th,  1892,  {Compt.  Rtnd.^  115,  1033)  that  a  carbide  of  calcium  is 
formed  if  calcium  oxide  is  heated  in  an  electric  furnace  with  carbon  electrodes.  He 
invesligrated  the  compound  much  later  {.Compt.  Jiend.^  xx8,  50).  Mr.  Willson,  who  sent 
during  the  summer  of  1892  samples  of  carbide  for  examination  to  Lord  Kelvin,  of  the 
Glasgow  University,  clearly  antedates  Moissan.  See  Journal  of  Franklin  Institute  0 
1895.  pa^c  333 —Note. 
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and  top.      The  bottom  electrode  is  an  iron  plate  a  covered  with 
eight  inches  of  carbon  b.     For  this  covering  we  use  pieces  of 


carbon  pencils  or  a  mixture  of  coke  and  coal  tar.  Sixteen  cop- 
per cables  of  0.75  inch  iu  diameter  c  convey  the  electricity  from 
the  dynamos  to  the  bottom  electrode. 

Sixteen  other  cables  are  connected  with  the  top  electrode  d. 
The  top  electrode  is  composed  of  six  carbon  pencils  e,  each  four 
inches  square   and   thirty-six   inches  long.     Six    pencils    are 
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arranged  in  three  pairs  behind  each  other  and  are  cut  out  at  the 
top  so  as  to  fit  in  the  carbon  holder  f .  They  are  enveloped 
together  by  a  sheet  of  iron  g,  which  is  shown  in  the  right 
handed  furnace  of  figure  i.  They  really  form  one  pencil.  The 
carbon  holder  is  screwed  to  a  copper  bar  h,  which  is  three  inches 
square  and  to  which  the  copper  cables  are  connected.  This  bar 
is  fastened  by  a  chain  that  runs  over  two  pulleys  to  a  long 
upright  screw  i.  On  this  screw  is  a  nut  which  forms  the  center 
of  a  wheel  k.  By  turning  the  wheel  the  screw  can  be  raised  or 
lowered.  The  man  who  attends  to  the  wheel  hets  the  volt-  and 
ammeter  before  him.  The  electric  current  is  generated  in  two 
dynamos  to  which  transformers  are  connected,  and  which  can 
give  a  current  of  from  fifty  to  lOO  volts.  The  power  is  furnished 
by  a  water  wheel  of  300  horse  power  under  twenty-eight  feet 
fall. 

Two  of  the  furnaces  have  been  working  for  twelve  months  and 
they  have  given  satisfaction,  except  for  working  not  sufficiently 
economically.  In  the  furnaces  built  for  the  Niagara  Falls  Car- 
bide plant,  many  changes  which  we  suggested,  have  been 
adopted  looking  to  economy  of  production.  We  give  here  a  short 
description  of  these  furnaces  (figures  2  and  3). 

In  Spray  it  is  necessary  to  allow  the  furnace  to  cool  before 
emptying  it.  In  order  to  use  one  and  the  same  furnace  con- 
tinuously, the  bottom  of  the  furnace  is  replaced  by  an  iron  car  a 
which  runs  on  a  track  and  in  which  carbide  is  formed.  When 
the  car  is  filled  the  pencils  b  have  been  lifted  entirely  out  of  it. 
The  current  is  then  shut  off,  door  c  is  opened,  the  full  car  is  run 
out  and  replaced  by  an  empty  car.  The  pencils  are  lowered 
again  to  the  bottom  of  the  car  and  a  new  run  is  commenced. 

The  bottom  of  the  car  is  covered  with  from  four  to  eight 
inches  of  carbon.  When  the  contents  of  the  car  have  sufficiently 
cooled  outside  the  furnace,  which  will  take  from  six  to  twelve 
hours,  the  body  of  the  car  is  lifted  from  the  track  by  the  trun- 
nions d  and  turned  over.  The  contents  are  dropped  on  a  grate 
formed  of  iron  bars,  on  which  the  piece  of  carbide  remains,  while 
the  unreduced  material  falls  through  into  a  lower  room  where  it 
is  collected  to  be  used  again  for  the  formation  of  carbide.  The 
mixture  of  lime  and  coke  is  fed  into  the  car  through  the  flues  e, 
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which  extend  along  the  whole  length  of  th^  car.     The  rods  f 
which  bear  four  blades,  extend  through  the  whole  breadth  of 


the  feeding  flues.  These  rods  are  tUmed  automatically,  and 
the  faster  they  turn,  the  more  material  is  fed  into  the  car.  In 
order  to  stoke  the  furnace  automatically,  the  car  is  attached  to 
an  iron  bar  g  by  two  hangers  and  a  coupling  in  front  of  the  car. 
Bar  g  extends  through  the  back  wall  of  the  furnace,  and  is 
automatically  moved  forward  and  backward  for  about  two  inches 
and  about  twenty  times  per  minute.  The  car  is  thus  also  rolled 
backward  and  'orward  on  the  track  for  about  two  inches  each 
time.  Every  time  that  the  car  stops  or  starts  it  gets  a  little  jerk 
which  is  sufficient  to  fill  up  the  holes  made  by  the  escaping 
gases  in  the  loose  material.  This  motion  of  the  car  further 
prevents  the  arc  being  located  for  a  longer  time  at  one  point,  for 
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which  the  arc  has  always  a  great  tendency.  This  will  materially 
increase  the  efficient  use  of  the  heat  of  the  arc.  Under  the  track 
of  the  car  is  the  bin  h  in  which  the  unreduced  material  is  col- 
lected that  will  fall  from  the  car  when  this  is  taken  out.  This 
material  can  from  time  to  time  be  taken  out  through  the  door  i. 
The  carbon  holder  is  more  complicated  than  in.  the  Spray  fur- 
nace. Twelve  carbons  are  used  and  the  holder  is  therefore 
about  twice  as  heavy.  It  is  not  advisable  to  suspend  this  car- 
bon holder  from  a  copper  bar,  which  moreover  becomes  rather 
hot  in  this  closed  furnace.  The  carbon  holder  is  therefore 
attached  to  a  rod  1,  which  is  composed  of  three  slabs.  The 
inner  one  is  of  copper  and  measures  six  by  one  and  one-half 
inches,  and  the  outer  ones  are  of  iron  and  are' six  inches  by  one. 
Since  it  is  not  practical  to  attach  the  twelve  carbons  in  their 
iron  casing  to  the  carbon  holder  in  the  furnace,  the  holder  itself 
is  composed  of  two  pieces,  m  and  n,  which  slide  into  each  other. 
The  aggregate  of  pencils  is  connected  to  piece  n  outside  the 
furnace  and  the  whole  is  placed  in  the  car  a.  Rod  1  is  so  far 
lowered  that  piece  m  will  easily  slide  into  piece  n,  and  the  con- 
nection can  easily  be  effected.  Iron  plates  o  are  placed  between 
the  carbon  holder  proper  and  the  pencils.  These  plates  o  are 
about  one  inch  thick.  They  are  fastened  to  the  inside  of  the 
carbon  holder  by  pins  which  are  inserted  in  the  holder,-  and  fit 
in  holes  of  the  plates.  These  plates  can  be  easily  re- 
moved and  replaced.  It  will  sometimes  happen  that  a 
small  arc  is  started  between  the  pencils  a  Ad  the  inside  of 
the  carbon  holder  and  a  part  of  the  carbon  holder  will  melt.  In 
the  case  that  the  plates  o  are  used,  one  can  simply  replace  these 
plates.  The  car  a  forms  one  of  the  electrodes  and  is  connected 
with  the  bottom  cables  q  by  two  clamps  p.  The  lower  clamp  is 
stationary  and  the  upper  one  can  be  opened.  The  clamps  are 
tightened  around  the  appendage  z  of  the  car  by  a  wedge  and 
screw  s.  When  the  clamps  are  fastened  the  slide  t  is  lowered  so 
as  to  shut  the  opening.  The  electric  connection  with  the  car 
can  also  be  and  is  better  made  through  the  bar  g,  which  in  that 
case  is  composed  of  an  iron  and  a  copper  slab.  It  may  also  be 
made  by  two  copper  bars  which  run  alongside  of  the  car  and  are 
pressed  against  it  with  springs.     The  furnace  is  entirely  closed. 
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When  it  is  started  the  door  c  is  shut,  but  the  door  u  is  kept  open 
till  the  carbon  monoxide,  which  is  formed  in  the  reaction,  has 
replaced  the  air  in  the  furnace.  This  point  is  reached  when 
the  flame  comes  out  of  this  door.  Door  u  is  then  also  closed 
and  the  gases  escape  through  the  chimney  v.  The  use  of 
door  u  prevents  explosions  of  the  carbon  monoxide  in  the  closed 
furnace.  Chimney  v  begins  just  over  the  car.  The  carbon 
holder  and  the  rod  1  are  therefore  not  in  the  current  of  the  hot 
gases.  The  upper  part  of  the  furnace  is  cooled  moreover  by  an 
air  jacket  w  through  which  a  draught  of  air  is  maintained. 
The  cold  air  enters  through  openings  x  and  the  warm  air  is  led 
off  by  chimney  y.  The  warm  air  may  be  utilized  for  heating 
the  building.  The  chimney  gases  pass  through  flues  or  rooms, 
in  which  the  lime  dust  is  collected  by  proper  means.  Owing  to 
valuable  suggestions  of  our  superintendent,  Mr.  J.  C.  King,  this 
furnace  is  called  the  King  Furnace.  Besides  these  two  types  of 
furnaces,  several  others  have  been  proposed. 

In  order  to  start  our  present  furnace,  we  shut  the  lower  iron 
door  and  lower  the  pencils  to  the  bottom  of  the  furnace.  The 
current  is  turned  on  and  the  mixture  of  coke  and  lime  fed  in, 
the  arc  being  kept  covered  with  the  mixture  as  high  as  one  foot 
around  the  pencils.  It  is  then  easier  to  keep  the  arc  steady. 
It  is  necessary  to  stoke  from  time  to  time,  for  the  gases  which 
are  formed  in  the  arc  constantly  make  channels  through  the 
material,  and  especially  if  unslacked  lime  is  used.  These  chan- 
nels will  not  fall  in  and  less  material  will  come  into  the  arc. 
The  feeding  in  of  the  material  is  continued  for  several  hours.  If 
the  attendant  at  the  hand  wheel  sees  that  the  voltage  becomes 
low,  he  raises  the  pencils.  If  the  arc  should  be  broken  the 
amperage  becomes  zero  and  the  voltage  high,  and  in  that  case 
the  pencils  are  quickly  lowered.  After  shutting  off  the  current 
it  is  well  to  allow  the  furnace  to  cool  two  or  three  hours  before 
emptying  it. 

The  carbide  is  always  found  in  one  piece  between  the  pencils 
and  the  bottom.  It  has  a  conical  form,  being  broader  at  the 
base  and  can  be  two  and  one-half  feet  high  in  our  furnace.  It 
however  never  has  so  great  a  diameter  as  to  fill  up  the  whole 
capacity  of  the  furnace.     The  carbide  is  therefore  entirely  sur- 
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rounded  by  a  cover  of  the  mixture  of  lime  and  coke.  This 
mixture  is  so  bad  a  conductor  of  heat  that  the  brick  walls  of  the 
furnace  are  not  attacked.  It  is  very  easy  to  separate  the  car- 
bide from  the  loose  mixture,  for  the  latter  never  melts  together, 
while  the  carbide  is  hard  and  solid.  The  pieces  of  carbide  are 
covered  with  a  thin  coating  which  is  a  little  thicker  at  the  top 
of  the  piece,  and  the  same  may  be  reground  and  again  used. 
This  coating  contains  mainly  carbon,  but  also  carbide  and  cal- 
cium oxide.  It  seldom  yields  more  than  a  half  cubic  foot  of  gas 
per  pound,  but  in  some  cases  it  yields  1.77  and  even  2.10  cubic 
feet.  This  coating,  however,  is  of  little  importance.  If  the 
mixture  is  well  made  this  coating  seldom  exceeds  from  twenty 
to  thirty  pounds  on  a  piece  of  carbide  of  from  300  to  400  pounds. 
The  carbide  itself  is  crystalline.  The  crystals  are  especiall}' 
well  developed  near  the  top  and  are  more  perfect  with  an  excess 
of  coke,  low  voltage  and  when  allowed  to  cool  slowly.  The 
center  of  the  piece  of  carbide  stays  liquid  for  some  time  afterthe 
electric  current  has  been  shut  ofiF.  The  liquid  part,  however,  is 
of  the  same  quality  as  the  rest  of  the  piece.  We  have  in  fact  tapped 
out  of  the  furnace,  carbide  which  was  very  pure  and  yielded 
5.59  cubic  feet  of  gas  per  pound.  We  do  not  wish  to  express  an 
opinion  as  to  the  practicability  of  tapping  the  carbide  as  soon  as 
it  is  formed.  We  will  only  mention  thdt  Mr.  Price,  in  Newark, 
has,  with  a  view  of  tapping  the  carbide,  constructed  and  patented 
a  new  furnace,  and  that  one  of  us  (C.)  has  also  devised  a  fur- 
nace for  the  same  purpose. 

Carbide  of  average  quality  (about  five  cubic  feet  of  gas  per 
pound)  often  has  a  reddish  color,  especially  if  it  has  been  made 
with  a  current  of  high  voltage.  Carbide  of  bad  quality  is  often 
grayish  or  blackish,  or  will  show  streaks  of  graphite.  Pure  car- 
bide yields  more  than  5.90  cubic  feet  of  gas  per  pound.  It  has, 
however,  been  found  to  be  more  economical  to  produce  carbide 
that  yields  only  about  five  cubic  feet  of  gas  per  pound.  Samples 
of  carbide  of  different  qualities  contained  : 
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^  Table  I. 

Cubic  feet  gMS 
per  pound*. 

Carbide. 
Per  cent. 

Free  calcium  oxide. 
Per  cent. 

Carbon. 
Per  cent. 

Other  impurities. 
Per  cent. 

5.7 

96.6 

0.6 

/* . . 

2.8 

5-5 

93.2 

4.2 

« •  ■  • 

2.6 

5.1 

86.4 

9-5 

*  • . . 

4.1 

5.025 

84.7 

10.7 

1.6 

3.0 

3.6 

61.0 

27.5 

3.2 

8.3 

3-45 

58.5 

I.I 

25.6 

14.8 

The  upper  part  of  a  piece  of  carbide  is  often  purer  than  the 
under  part. 

The  coke  to  be  used  should  not  contain  much  ash.  Our  coke 
contains  about  seven  per  cent,  of  ash.  The  carbide  obtained 
with  a  coke  of  from  ten  to  eleven  per  cent,  of  ash  was  percepti- 
bly inferior  to  that  obtained  with  our  usttal  coke.  It  was  found 
impracticable  to  make  a  good  quality  of  carbide  with  a  coke  of 
twenty-seven  per  cent.  ash.  It  is  well  that  there  should  not  be 
more  than  ten  per  cent,  of  ash  in  the  coke.  The  coke  should  be 
ground  very  fine,  and  it  should  pass  through  a  fifty  mesh  sieve. 
The  lime  need  not  be  as  fine  as  the  coke.  The  largest  pieces 
should  pass  through  a  ten  mesh  sieve.  If  the  lime  is  coarser  the 
quality  of  the  carbide  becomes  inferior.  That  the  state  of  the 
pulverization  of  the  lime  is  important,  can  be  seen  by  a  compari- 
son of  the  average  amount  of  gas  per  pound  (4.97  cubic  feet), 
obtained  with  unslacked  lime  (Table  II),  and  that  obtained  with 
air  slacked  lime  (5.27  cubic  feet  Table  III).  The  unslacked 
lime  was  in  several  instances  not  quite  as  fine  as  the  slacked 
lime.  Unslacked  lime  is  decidedly  preferable  to  air  slacked 
lime,  as  we  will  see  afterwards. 

The  lime  which  we  use  contains  one  and  one-half  per  cent, 
magnesia  and  one  per  cent,  of  other  impurities.  The  anhy- 
drous lime  should  contain  ninety-five  per  cent,  calcium  oxide, 
and  no  more  than  five  per  cent,  impurities.  The  presence  of 
magnesia  is  especially  detrimental  to  the  production  of  carbide. 
We  could  not  obtain  a  good  quality  of  carbide  with  a  lime  in  the 
following  analysis  :  Insoluble*  0.24  per  cent. ;  silica,  0.78  per 
cent. ;  ferric  oxide  and  alumina,  0.68  per  cent. ;  calcium  oxide, 
92.83  per  cent.  ;  magnesium  oxide,  5.47  per  cent.  Further 
experiments  showed  that  two  and  one-half  per  cent,  of  magnesia  in 
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the  mixture  has  a  marked  influence  on  the  production.  The 
lime  used  for  making  carbide  should  not  contain  over  three  per 
cent,  of  magnesia.  That  magnesia  has  such  a  bad  influence 
upon  the  formation  of  carbide  is  probably  due  to  its  forming  a 
veil  between  the  carbon  and  the  lime  particles  preventing  their 
combination.  Magnesia  does  not  unite  either  with  lime  or  with 
carbon.  The  latter  fact  was  first  shown  by  Moissan,*  and  our 
own  experiments  in  this  line  fully  confirm  his  results.  The  lime 
and  the  coke  must  be  mixed  very  well  or  the  carbide  will  be  of 
inferior  quality  and  there  will  be  much  coating.  Besides  the 
carbide  some  mixture  remains  in  the  furnace.  More  carbon 
than  lime  burns  out  or  volatilizes  in  an  open  furnace.  It  is 
therefore  necessary  to  add  carbon  to  this  mixture  before  using  it 
again.  The  amount  to  be  added  is  calculated  from  the  result  of 
an  analysis  of  the  mixture.  If  coke  is  added  in  the  proper  pro- 
portions, the  unsmelted  portion  of  the  material  can  be  returned 
at  least  three  times  into  the  furnace,  and  still  yield  good  carbide. 
The  impurities  of  the  lime  and  the  coke  ashes  remain  as  well  in 
the  carbide  as  in  the  residual  mixture.  It  is  therefore  a  good 
practice  to  add  charcoal  instead  of  coke  to  the  mixture,  so  as 
not  perceptibly  to  increase  the  amount  of  ash.  The  mixture 
that  comes  from  the  furnace  is  red  hot  and  it  will  stay  hot  for 
days.  It  will  lose  a  large  amount  of  carbon  if  allowed  to  lay  in 
heaps  in  the  air.  It  is  better  to  mix  in  the  necessary  amount  of 
carbon  and  use  the  mixture  at  once  again.  One  can  also  keep 
the  mixture  in  air-tight  sheet-iron  tanks.  If  the  lime  has  been 
unslacked  the  mixture  cools  much  quicker  and  does  not  lose  as 
much  carbon  after  it  has  been  taken  from  the  furnace.  In  the 
case  of  slacked  lime,  water  gas  is  probably  formed  in  large 
amounts.  The  carbon  pencils  must  be  well  cared  for  in  order 
that  they  last  for  a  long  time.  If  sufficient  coke  is  put  in  the 
mixture  they  are  not  attacked  'much  at  the  end.  They  will 
shorten  from  0.05  to  o.io  inch  for  every  hour  running.  They 
become  thinner  for  being  exposed  to  the  air  when  hot.  They 
are  mainly  attacked  after  the  electric  current  has  been  shut  off, 
for  if  the  furnace  is  working  the  gases  from  the  arc  come  up 
around  the  carbons  and  shut  the  air  off.     In  order  to  save  the 

1  Compt.  Rend,,  ii8,  506. 
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carbons  best  it  is  therefore  well  to  keep  the  furnaces  running 
with  as  little  interruption  as  possible.  In  the  closed  furnace, 
which  we  have  described,  the  carbons  will  be  surrounded  by 
non-oxidizing  gases,  which  will  save  them  materially.  In  the 
open  furnaces  in  Spray  we  surround  the  carbohs  with  a  sheet 
iron  cover  that  reaches  from  the  carbon  holder  to  within  four 
inches  of  the  bottom  end  of  the  carbons.  This  jacket  is  fas- 
tened with  iron  wires  to  the  carbon  holder.  The  space  between 
the  carbons  and  the  jacket  is  packed  with  a  mixture  of  coke  and 
coal  tar  or  pitch.  This  mixture  is  baked  by  surrounding  the 
carbons  and  jacket  with  the  red  hot  material  that  comes  from 
the  furnace  or  by  placing  them  in  a  fire.  The  jacket  will  gen- 
erally last  as  long  as  the  carbons.  One  set  of  the  carbons  in  an 
open  furnace  and  with  interrupted  operations  will  last  on  an 
average  about  lOO  hours.  These  figures  hold  good  where  a 
carrent  of  from  1700  to  2000  amperes  is  used.  The  voltage  has 
no  perceptible  influence  on  the  result.  Working  with  say  1700 
amperes  and  100  volts  and  generating  about  225  horse  power, 
the  production  of  carbide  per  hour  can  be  reckoned  to  be  easily 
eighty-five  pounds,  and  one  set  of  carbons  can  therefore  make  at 
least  8500  pounds  of  carbide,  even  in  an  open  furnace.  If  the 
furnace  is  used  continuously  the  carbons  will  last  at  least  from 
200  to  300  hours,  and  the  cost  of  pencils  for  one  ton  of  carbide 
will  be  about  $1.00. 

The  analytical  part  of  our  work  has  been  very  simple.  After 
the  piece  of  carbide  has  been  broken  open  with  a  hammer,  two 
or  more  samples,  representing  as  nearly  as  possible  the  average 
quality  of  the  carbide  and  of  about  eight  ounces  each,  are  taken. 
These  samples  are  broken  in  pieces  of  about  one-half  inch  in 
diameter  and  from  two  to  three  ounces  are  taken  for  one  gas 
test.  The  material  is  put  into  a  dry  bottle  of  about  one  quart 
capacity,  which  is  provided  with  a  rubber  stopper,  through 
which  two  glass  tubes  pass.  The  one  tube  bears  a  stop  cock 
and  drop  funnel,  the  other  tube  conducts  the  gas  through  a 
series  of  |)  tubes  and  then  through  a  small  gas-meter.  The  fun- 
nel is  filled  with  water,  and  by  opening  the  stop  cock,  water  is 
allowed  to  drop  slowly  on  the  carbide.  The  acetylene  gas  is 
generated  and  is  cooled  in  the  ()  tubes  before  it  passes  to  the 
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gas-meter.  Much  water  vapor  is  condensed  in  the  (j  tubes,  for 
the  gases  generated  in  the  bottle  are  hot.  We  make  a  correction 
for  the  temperature  of  the  gas  as  it  passes  the  gas-meter.  We 
do  not  take  into  consideration  the  small  amount  of  gas  which 
passes  through  the  gas-meter  hy  the  expansion  of  the  gas  in 
the  bottle  when  the  latter  becomes  hot,  and  because  a  part  of 
the  bottle  becomes  filled  with  water.  The  error  arising  here- 
from is  of  no  consequence,  for  the  volume  of  the  bottle  is  only 
one  quart  and  the  volume  of  the  gas  which  passes  from  the 
gas-meter  is  from  one-half  to  one  cubic  foot.  The  water,  more- 
over becomes  saturated  with  acetylene.  Our  figures  show  the 
amount  of  moist  gas  at  the  temperature  of  60''  F. 

In  order  to  determine  the  lime  in  the  mixture,  two  and  five- 
tenths  grams  are  boiled  with  a  slight  excess  of  hydrochloric  acid 
of  known  strength  in  a  250  cc.  bottle.  The  bottle  is  cooled  and 
filled  up.  The  liquid  is  filtered  and  in  fifty  cc.  of  the  filtrate 
the  excess  of  acid  is  determined  by  titration.  The  coke  is 
determined  by  boiling  two  grams  of  mixture  with  twenty-five  cc. 
of  twelve  per  cent,  hydrochloric  acid  and  filtering  off  the  coke 
on  a  Gooch  crucible.  These  methods  do  not  make  a  claim  to 
absolute  accuracy,  but  they  can  be  quickly  executed  and  give  a 
good  estimate  of  the  relation  in  which  the  coke  and  lime  are 
present  in  the  mixture,  as  the  following  figures  show.  The  coke 
used  for  the  original  mixture  contained  7.33  percent,  of  ash.  The 
coke  that  remained  from  the  mixture  that  had  been  boiled  with 
twelve  per  cent,  hydrochloric  acid  contained  six  and  eight- tenths 
per  cent,  of  ash,  and  the  coke  which  remained  by  the  same 
treatment  from  a  similar  mixture  that  had  been  once  in  the  fur- 
nace contained  seven  and  eight-tenths  per  cent.  ash.  The  amount 
of  lime  found  in  mixtures  by  titration  and  that  found  by  gravi- 
metric analysis  varied  only  by  from  one-half  to  three-quarters 
per  cent,  when  the  small  amount  of  magnesia  in  the  lime  was 
known  and  taken  into  consideration.  In  controlling  the  differ- 
ent runs  we  have  proceeded  as  follows  : 

The  carbide  was  weighed  and  the  coating  on  it  determined 
either  by  taking  it  off  and  weighing  it  or  by  estimating  it  on 
small  and  clean  pieces.  By  deducting  the  weight  of  the  coating 
from  the  weight  of  the  piece  of  carbide  we  obtain  the  net  yield 
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of  carbide.  The  gas  therein  is  determined,  the  figure  accepted 
being  the  average  of  the  result  of  the  analyses  of  at  least  two 
samples.  In  order  to  determine  the  power  used,  we  multiply 
the  voltage  by  the  amperage  and  divide  the  product  by  746  to 
obtain  the  number  of  horse  power  generated  by  the  dynamos. 
In  order  to  make  a  more  proper  comparison  we  found  it  neces- 
sary to  deduct  the  loss  of  voltage  sustained  in  the  carbon  pencils. 
Our  pencils  were  made  in  different  factories  and  had  a  different 
resistance.  We  therefore  determined  the  difference  in  voltage 
as  indicated  by  the  usual  reading  of  our  meter  and  the  voltage 
at  the  end  of  the  carbon  pencils.  We  touch  the  end  of  each 
pencil  alternately  with  an  iron  rod  that  is  connected  with  the 
volt  meter  by  a -copper  wire.  We  call  net  power  the  power  gen- 
erated by  the  dynamos  less  the  average  loss  in  the  six  carbon 
pencils.  Our  meters  are  placed  in  the  primary  circuit  and  we 
have  not  taken  into  account  the  losses  of  amperage  in  the  trans- 
formers and  those  sustained  by  leakage.  We  have  further  found 
that  the  readings  of  our  meters  are  about  six  per  cent,  higher 
than  those  of  standard  Weston  meters.  It  may  therefore  be 
safely  relied  upon  that  all  our  estimates  for  the  production  of 
carbide  per  horse  power  are  too  low.  The  error  is,  however,  in 
all  cases  in  the  same  direction,  so  that  it  cannot  have  niateriall}' 
influenced  our  deductions,  which  are  based  upon  a  comparison 
of  our  results. 

In  the  carbide  there  is  also  a  considerable  loss  of  voltage  and 
therefore  of  power.  We  found,  for  example,  sixty-five  volts  in 
the  bottom  cables  and  only  fifty  volts  at  the  top  of  a  two  and  a 
half  feet  high  piece  of  car,bide  just  under  the  arc.  This  makes 
a  loss  of  six  volts  for  each  one  foot  of  carbide.  The  average 
production  during  six  to  eight  hours  of  continuous  work- 
ing is  as  large  as  that  during  two  or  three  hours  at  the  same 
power.  It  is,  however,  not  advisable  to  make  the  carbide  pieces 
higher  than  two  and  a  half  feet,  since  then  the  resistance  of  the 
carbide  will  begin  to  materially  reduce  the  quantity  of  the  pro- 
duction. 

Taking  into  account  the  weight  of  the  product,  the  time  in 
which  it  has  been  produced  and  the  number  of  horse  power  used,  we 
calculate  for  each  run  the  amount  of  pounds  produced  per  horse 
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power  in  twenty-four  hours.     By  multiplying  these  figures  by 
the  number  of  cubic  feet  of  gas  produced  per  pound  we  obtained 
the  number  of  cubic  feet  of  gas  produced  per  horse  power  in 
twenty-four  hours.     In  the  following  table  we  give  the  results  of 
experiments  wherein  ever)^hing  has  been  determined,  wherein 
both  unslacked  and  slacked  lime  have  been  used  and  voltage, 
amperage  and  duration  of  runs  were  varied.     Since  these  results 
were  obtained  we  have  had  many  visitors  from  all  parts  of  the 
country  and  for  each  party  we  have  made  a  test  run.    The  results 
of  these  runs  have  all  confirmed  our  previous  results,  with  one 
exception,  which  was  due  to  the  presence  of  five  and  a  half  per 
cent,  magnesia  in  the  lime. 


Table  II.    Unslackbd  Lime. 


• 

•5 

0    Time  of  ex- 

S    pcriment. 

• 

at 

*^ 

0 
> 

• 
OB 

«; 

B 

< 

"2   Loss  of  voltage 
n   in  the  pencils. 
0 

i. 

n 

u 
0 

0    Production  in 
g   twenty-four 
Q.  hours  includ- 
!"    ing  slag. 

S    Net  produc- 
ts  tion. 

M 

• 

Cubic  feet  of 
gas  per  hour. 

Cubic  feet  of 
gas  per  horse 
power  in  twen- 
ty-four hours. 

June 

27th 

2.50 

100 

1700 

7.0 

214 

9.87 

9.42 

4.83 

4550 

July  2nd 

3.CJO 

100 

1666 

8.0 

205 

10.34 

9.76 

5.25 

5124 

.< 

1st 

2.25 

100 

1700 

1 0.0 

205 

10.66 

10.10 

4.66 

47.06 

June 

24th 

3- 20 

100 

1600 

7.0 

214 

11.50 

10.73 

4.93 

5290 

(< 

28th 

2.50 

100 

1700 

lO.O 

205 

11.70 

II. 10 

4.75 

52.72 

July 

i8th 

300 

65 

2CXX> 

50 

16s 

963 

915 

4.95 

45.29 

<( 

19th 

3.00 

65 

1900 

5.0 

158 

10.40 

9.62 

4.83 

46.46 

it 

5th 

3.75 

65 

2000 

5.0 

165 

8.38 

8.15 

5.40 

44.01 

•  4 

9tli 

4.50 

65 

2000 

5.0 

16S 

9.50 

905 

4.99 

45.16 

Aug. 

loth 

6.00 

65 

i8cx> 

8.0 

144 

9.34 

9.00 

5-39 

48.51 

<i 

13th 

6.00 

65 

i8cx> 

8.0 

144 

10.83 

10.44 

4.82 

50.32 

July  31st 

7.00 

75 

1800 

8.5 

166 

11.44 

10.53 

4:83 

50.86 

Average, 

9-75 

4.97 

48.33 
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TABis  III.    Air-Slackbd  Limb. 


• 

Q 

Time  of  ex- 
periment. 

m 

I 

• 

m 

s 

p. 

6 

< 

Loss  of  voltage 
in  the  pencils. 

Horse  power. 

Production  pei 
horse  power 
in  twenty-foui 
hours,   includ- 
ing slag. 

Net  produc- 
tion. 

Cubic  feet  of 
gas  per  pound 

Cubic  feet  of 
gas  per  horse 
power  in  twen- 
ty-four hours. 

Hours. 

Per  cent 

• 

Pounds. 

Pounds. 

June  25th 

5.00 

100 

1700 

7.0 

214 

8.34 

796 

5.30 

42.19 

"    29th 

4.00 

100 

1700 

lO.O 

205 

8.78 

8.34 

4.98 

41.53 

'*    19th 

550 

100 

1700 

7.0 

214 

925 

•  •   • 

4.89 

■ . . . 

"  22nd 

4.00 

100 

1600 

7.0 

199 

9.80 

9.65 

4-74 

45.75 

Ang.  14th 

4.50 

75 

1700 

7.0 

159 

7.88 

7.13 

550 

39.22 

July  I2th 

3.75 

85 

1800 

3*5 

198 

■ .  • 

6.33 

5-55 

35.13 

"    26th 

8.00 

75 

1800 

5.0 

172 

8.40 

7.23 

5.33 

38.54 

"    I2th 

550 

8S 

1775 

8.0 

185 

.  •  * 

7.32 

5.32 

38.94 

••   6th 

5.00 

80 

1020 

3.0 

200 

8.78 

8.16 

5.11 

41.70 

"    23rd 

3.00 

65 

1800 

5.0 

150 

6.83 

6.40 

5.78 

56.99 

*'  22nd 

2.00 

65 

1800 

5.0 

150 

7.13 

6.40 

562 

35.97 

"  22nd 

2.00 

65 

1800 

5.0 

150 

7.20 

6.40 

5.64 

36.09 

"   25th 

9.00 

65 

1800 

5.0 

150 

7.72 

7.27 

5.54 

40.28 

"   20th 

4.00 

65 

1800 

5.0 

150 

8.60 

8.00 

5.01 

40.08 

"   23rd 

5.00 

65 

1800 

5.0 

150 

9.02 

8.00 

5.07 

40.56 

••   24th 

8.00 

65 

1800 

5.0 

150 

9.30 

8.03 

4.97 

39.91 

Average, 

751 

5.27 

3952 

It  is  obvious  that  the  results  obtained  from  unslacked  lime  are 
far  better  than  those  with  air-slacked  lime.  This  is  undoubt- 
edly due  to  a  loss  of  power  used  in  decomposing  the  hydrated 
lime.  The  unslacked  lime  used  by  us  contained,  after  being 
ground,  from  five  to  nine  per  cent,  of  water.  In  practice  it  is 
necessary  to  use  the  mixture  that  comes  from  the  furnace  again. 
This  mixture  always  contains  some  carbonate  of  lime,  but  if  it 
be  mixed  when  still  hot  with  the  necessary  amount  of  carbon 
and  put  again  into  the  furnace  the  lime  has  no  opportunity  to 
slack.  The  unslacked  lime  has  the  further  advantage  that  it 
weighs  less  and  is  much  less  bulky,  and  that  the  mixtures  made 
from  it  cool  much  faster  than  those  made  from  slacked  lime. 
The  only  disadvantages  of  unslacked  lime  are,  that  it  must 
be  ground  and  that  mixtures  made  from  it  require  more  stoking 
if  put  into  the  furnace.  The  mixtures  of  unslacked  lime  can 
stand  up  against  the  sides  of  the  furnace  under  a  very  steep 
incline  and  they  can  leave  a  hole  all  around  the  pencils.  The 
mixture  to  be  used  should,  on  an  average,  contain  100  parts  of 
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lime  and  sixty-four  to  sixty-five  parts  of  carbon  in  order  to  obtain 
a  carbide  of  about  five  cubic  feet  of  gas  per  pound.  If  the  volt- 
age is  increased  to  loo  it  is  better  to  take  a  little  more  carbon 
( ICO  lime  and  sixty-six  to  sixty-seven  carbon) .  If  the  voltage 
is  sixty-five  or  less,  sixty-three  to  sixty-four  parts  of  carbon  are 
sufficient.  If  the  amount  of  carbon  is  increased  the  carbide 
becomes  purer,  but  there  is  often  more  coating. 

The  largest  amount  of  gas  per  horse  power  is  obtained  if  the 
carbide  yields  about  five  cubic  feet  of  gas  per  pound.  The  yield 
of  carbide  in  pounds  varies  inversely  with  the  quality.  In  the 
following  table  we  give  the  results  of  a  series  of  experiments 
made  with  slacked  lime  and  with  a  current  of  sixty-five  volts 
and  from  1700  to  2000  amperes.  Several  of  these  experiments 
have  not  been  taken  up  in  Table  II,  because  the  amount  of  slag 
on  all  the  pieces  of  carbide  has  not  been  determined. 


i( 


■« 


Date. 
July  23rd 
June  14th 
July  22nd 
22nd 
25th 
Aug.  r4th 
May  2 1  St 
**     22nd 
July  26th 
June  4th 
July  20th 
June  5th 
May  28th 
**      23rd 
July  23rd 
June  8th 

••    24th 
July  nth 
Ang.  1 2th 
May  3i8t 
Aug.  8th 


Tablb  IV. 

Productioti  per  horse 
I>ower  incluaing  slag*, 
pounds. 

6.85 
7.10 

7-13 
7.20 

7.72 

7.88 

8.10 

8.30 

8.40 

8.46 

8.60 

8.76 

8.80 

8.82 

9.02 

9.06 

930 
930 
9-44 
9.87 
10.52 


Carbide  has  been  made  successfully  in 
both  the  direct  and  the  alternating  current. 


Cubic  feet 

gtis  per 

pound. 

5.78 
5.80 

5.62 

5.64 

554 

550 
5.20 

5.10 

5.33 
5.52 
5-OI 

4*94 
5-ao 

5.10 
5»07 
5.10 

4.97 

4.33 

4.51 

4.30 
4.23 

Spray  by  the  use  of 
We  cannot  express 
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an  opinion  as  to  what  current  can  be  used  to  the  best  advantage, 
for  we  are  not  able  to  compare  results.  All  of  the  results  com* 
municated  in  this  paper  have  been  obtained  by  the  use  of  the 
alternating  current.  That  electrolysis  plays  a  part  in  the  car- 
bide manufacturing  process  of  Mr.  Willson  is  therefore  out*  of 
the  question,  and  we  do  not  need  to  use  a  furnace  of  the  Mois- 
san  construction  to  prove  this.  It  is  not  desirable  to  increase 
the  amperage  over  2000  if  only  six  carbons  of  four  inches  square 
are  used.  The  higher  the  amperage  the  greater  the  loss  of  volt- 
age in  the  pencils  and  therewith  that  of  power.  The  carbons 
will  also  last  longer  if  the  amperage  is  low,  because  they  do  not 
become  so  hot.  Lastly  we  did  not  obtain  as  great  a  yield  per 
horse  power  if  the  amperage  was  high  and  the  voltage  corres- 
pondingly low.  We  obtained  the  best  yield  of  gas  per  horse 
power  by  using  a  current  of  100  volts,  which  can  be  seen  by 
comparing  the  average  of  the  results  given  in  Table  II. 

Tablb  V. 

Average  cubic 
feet  of  gaa  per 
horse  power 
No.  of  ex-    in  twenty- 
Volts.  Horse  i>ower.     perim«nt.  four  hours. 

Unslacked  lime. .  / .'~,  ^°5-2i4  5  49.8« 

\  65-75  144-165  7  47-23 

f   100  200-214  3  43.15 

Slacked  litne i  75-85  159-100  5  38.71 

I    65  150  7  38.55 

It  must  be  taken  into  account  that  we  measured  the  primary 
current  and  that  the  losses  of  amperage  in  the  transformers 
probably  have  been  higher  when  we  did  not  use  the  highest 
voltage,  t,  e,y  100.  We  do  not  know  in  how  far  it  would  be  ad- 
visable to  increase  the  voltage  over  100,  since  our  dynamos  can- 
not give  us  a  current  of  more  than  100  volts.  We  believe,  how- 
ever, that  the  heat  yielded  by  an  arc  of  100  volts  and  from  1700 
to  2000  amperes  is  about  the  largest  amount  to  be  profitably  used 
for  the  production  of  carbide  in  one  furnace  with  six  pencils,  as 
it  is  used  in  Spray.  We  base  our  assumption  on  the  follow- 
ing facts  :  The  quality  of  the  carbide  becomes  better  if  the  volt- 
age decreases.  We  experienced  some  trouble  in  obtaining 
large  carbide  crystals  with  an  arc  of  100  volts  and  1700  amperes, 
and  in  order  to  obtain  a  carbide  that  yields  more  than  five  cubic 
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feet  of  gas  per  pound  the  mixture  should  contain  an  excess  of 
carbon.  If  a  current  of  loo  volts  and  1700  amperes  is  used  the 
furnace  requires  more  attendance  and  stoking  than  if  a  lower 
power  and  especially  a  lower  voltage  is  used.  The  higher  the 
voltage  the  faster  the  pencils  must  be  raised,  for  if  the  voltage 
is  low  (fifty  or  sixty-five)  the  carbide  spreads  out  much  more 
than  if  the  voltage  is  high  (100  volts).  In  the  latter  case  the 
carbide  builds  up  as  a  long  thin  piece  and  it  is  oftener  necessary 
to  empty  the  furnace.  As  to  the  time  that  one  furnace  should 
be  used  continuously,  we  wish  to  say  that  we  did  not  perceive  a 
difference  in  the  quantity  and  quality  of  the  product  whether  we 
ran  three  hours  or  from  three  to  nine  hours.  We  must,  however, 
remark  that  in  the  case  where  we  used  100  volts  and  1700  amperes 
with  mixtures  of  unslacked  lime  we  could  not  continue  running 
for  much  more  than  three  hours  because  the  construction  of  the 
furnace  did  not  admit  of  raising  the  pencils  quite  three  feet. 
With  slacked  lime  we  made  also  with  this  high  power  very  sat- 
isfactory runs  of  five  and  five  and  a  half  hours..  During  the  first 
hour  the  production  is  somewhat  lower.  It  seems  that  more  heat 
is  lost  probably  for  heating  up  the  furnace. 

The  mixture  used  in  all  of  the  following  experiments  con- 
tained lime,  50.08  per  cent.,  and  coke,'  39.22  per  cent.  The 
current  was  of  sixty-five  volts  and  1800  amperes,  the  loss  of  volt- 
age in  the  pencils  five  per  cent,  and  the  net  horse  power  150. 

Table  VI. 


Time  of  ex- 
periment, 
hours. 

Production  per 
hour  in  pounds. 

Cubic  feet  of 
sras  per  pound. 

Cubic  feet  of 
Sraa  per  hour, 

I 

37 

5.63 

208.31 

2 

40 

5.62 

224.80 

2 

40 

5.64 

225.60 

3 

40 

5.78 

237.20 

We  have  now  still  to  consider  a  very  important  question, 
namely,  how  much  coke  and  lime  are  necessary  to  produce  one 
pound  of  carbide.  The  formation  of  carbide  taking  place  accord- 
ing to  the  following  formula  : 

CaO+3C=CO+CaC. 
56       36       28        64 

0563  pound  of  carbon  and  0.875  pound  of  calcium  oxide  are 

»  Of  92  17  per  cent  of  carbon. 
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theoretically  necessary  to  yield  one  pound  of  carbide.  The  car- 
bide of  five  cubic  feet  of  gas  per  pound  contains,  however,  free 
calcium  oxide.  We  therefore  might  expect  that  more  calcium 
oxide  and  less  carbon  are  used.  In  practice,  however,  some 
calcium  oxide  and  carbon  are  volatilized  or  burned.  For  a  suc- 
cession of  experiments  we  have  weighed  the  mixture  that  was 
put  into  the  furnace  and  that  which  was  taken  out  and  analyzed 
both.  We  have  experienced  considerable  trouble  in  weighing 
the  red  hot  material  accurately  and  in  obtaining  fair  samples. 
We  have  therefore  not  been  able  to  observe  as  to  how  far  the 
consumption  of  calcium  oxide  and  of  carbon  is  influenced  by  the 
circumstances  that  alter  the  quantity  and  quality  of  the  product. 
We  found,  however,  that  less  mixture  is  used  if  properly  stoked 
and  if  the  arc  is  kept  covered.  We  found  also  that  the  losses  of 
carbon  are  always  more  considerable  than  those  of  calcium 
oxide. 


Table  VII 

N timber  of  ex- 
periment. 

Amount  of  CaO 

fiut  into  the 
urnace. 

Amount  of  C 
put  into  the 
furnace. 

CaO  obtained 
from  the  fur- 
nace. 

C'obtained 
from  the  fur- 
nace. 

Amount  of 
CaO  u.sed. 

Anion nt*of  C 
used. 

Production  'of 
clean  carbide. 

Amount  of  CaO 
per  pound  of 
carbide. 

I.ba. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

I 

675 

448 

417 

270 

258 

178 

195 

1.32 

2 

739 

463 

415 

242 

324 

221 

285 

113 

3 

859 

557 

601 

375 

258 

182 

190 

1.36 

4 

612 

402 

415 

262 

197 

140 

190 

1.04 

5 

851 

491 

498 

282 

353 

209 

280 

1.26 

6 

906 

577 

478 

280 

428 

297 

375 

1. 14 

7 

1067 

699 

420 

238 

647 

461 

555 

1. 17 

8 

552 

375 

253 

167 

299 

208 

223 

1.34 

9 

374 

211 

207 

"5 

167 

96 

132 

1.27 

xo 

675 

461 

244 

134 

431 

327 

Av( 

345 
eraee 

1.25 
1.228 

-^  V  o 

<  s  ois 
Lb. 
0.91 
0.78 
0.96 
0.74 

0.75 
0.79 

0.83 

0.95 
0.73 
0.95 
0.837 
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Tabi^H  VIII. 

Number  of 

Mixture  into  the  furnace. 

Mixture  out  of  the  furnace. 

experiment. 

CaO. 

c. 

CaO. 

C. 

Per  cent. 

Per  cenL 

Per  cenL 

Per  cent. 

I 

54.70 

36.32 

57.01 

36.89 

2 

54.51 

34.18 

57.29 

33-36 

3 

56.23 

36.46' 

57.00 

3562 

4 

55.66 

36.51 

55-47 

35-02 

5 

59.70 

34.43 

58.16 

32.94 

6 

56.65 

36.09 

55.60 

32.61 

7 

55.44 

36.32 

54.93 

3«.o9 

8 

50.64 

34.43 

51.81 

34.29 

9 

52.08 

29.39 

52.09 

28.90 

lO 

49.34 

33.85 

41.45 

28.27 

The  average  figures  of  table  VII  are  rather  high,  for  where 
much  coke  and  lime  have  been  used  this  is  certainly  partly  due 
to  losses  of  material  by  weighing  into  and  out  of  the  furnace  and 
also  by  insufficient  stoking.  In  the  King  furnace,  the  under 
part  of  which  shuts  hermetically  tight  and  excludes  draught, 
and  which  is  stoked  mechanically,  the  amount  of  coke  and  lime 
necessary  for  making  one  pound  of  carbide  will  certainly  be 
much  reduced.  In  the  figures  given  in  table  VII  we  have  left 
the  outside  coating  out  of  the  calculation.  In  a  plant  where  the 
acetylene  gas  is  generated  at  once  from  the  carbide  it  would  pay 
to  use  this  coating  also  for  making  gas.  Prom  table  VII  we 
see  that  a  very  large  percentage  of  the  mixture  is  not  acted  on 
by  the  arc.  We  have,  however,  reduced  this  amount  to  one- 
third  of  the  mixture  and  could  reduce  it  still  more  without  either 
injuring  the  furnace,  the  quantity  and  quality  of  the  carbide,  and 
without  increasing  the  amount  of  carbon  and  lime  necessary  for 
making  one  pound  of  carbide.  In  the  furnace  used  in  Spray  the 
inside  is  square  instead  of  octagonal  and  the  dimensions  are 
rather  too  large.  We  therefore  feed  more  material  into  the  fur- 
nace than  is  necessary. 

Besides  coke  we  have  used  several  other  carbonaceous  materials 
for  making  carbide.  We  have  used  soft  coal,  anthracite,  char- 
coal, pitch,  tar,  rosin,  and  asphalt,  and  obtained  in  all  cases  car- 
bide. Most  of  these  materials  are  not  of  sufficient  importance  to 
be  taken  into  consideration  and  we  will  only  add  some  words  ' 
about  the  first  three. 
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Charcoal,  owing  to  its  small  percentage  of  ash,  yields  a  very 
pare  carbide.  The  only  drawback,  besides  its  price,  is  that  it  is 
so  light  that  the  gases  carry  if  off  to  a  considerable  amount.  It 
is  therefore  necessary  to  add  from  five  to  ten  per  cent,  more  car- 
bon to  the  mixture  if  charcoal  is  used  than  if  coke  is  used. 

We  used  a  soft  coal  which  contained  volatile  matter  19. 84  per 
cent,  and  ash  1.48  The  mixture  with  soft  coal  gave  a  terrific 
blaze.  The  carbide  was  covered  with  a  large  amount  of  very 
porous  slag  in  which  there  was  much  graphite.  The  average  of 
results  of  two  runs  are  :  6.41  pounds  per  horse  power  in  twenty- 
four  hours  and  4.33  cubic  feet  of  gas  per  pound,  which  equals 
27.75  cubic  feet  of  gas  per  horse  power  in  twenty-four  hours. 

We  used  anthracite  coal,  which  contained  volatile  matter  7.95 
per  cent,  and  ash  4.02  per  cent.  We  made  two  runs  with 
slacked  and  two  with  unslacked  lime.  There  was  no  ap- 
preciable difference  in  the  use  of  slacked  and  unslacked  lime. 
The  average  result  of  the  four  runs  was  :  7.64  pounds  per  horse 
power  in  twenty-four  hours  and  4.03  cubic  feet  of  gasper  pound, 
which  equals  30.79  cubic  feet  per  horse  power  in  twenty-four 
hours.  These  results  are  much  lower  than  those  obtained  with 
coke.  We  can  not  therefore  recommend  the  use  of  either  anthra- 
cite or  soft  coal  for  nlaking  carbide.  The  superiority  of  coke 
and  charcoal  over  anthracite  is  probably  due  to  the  porosity  of 
the  former  materials,  which  must  facilitate  the  volatilization  of 
the  carbon  in  the  electric  arc,  which  probably  must  precede  the 
formation  of  carbide. 


ON  THE  ACTION  OF    WAQNER^S   REAGENT  UPON   CAF- 
FEINE AND  A  NEW  METHOD  FOR  THE  ESTIHA- 

TION  OF  CAFFEINE. 

By  M.  Gombb&o. 

Received  February  10.  1896. 

THE  use  of  iodine  in  potassium  iodide  as  a  general  qualita- 
tive reagent  for  alkaloids  dates  as  far  back  as  1839.'  It 
was,  however,  R.  Wagner*  who  first  employed  it  for  the  quanti- 
tative estimation  of  vegetable  bases,  and  this  solution  has 
since  been  known  as  Wagner's  reagent.      He  based  his  con- 

1  Bouchardat:  Compt.  Rend.,  9,  475. 
^Ding'Lpoiy.J.,  i6z,  40;  Ztschr.  anal.  Chem.,  i,  loa. 
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elusion  upon  trials  with  solution  of  quinine  and  ciuchonine, 
showing  that  under  approximately  similar  conditions  they 
always  require  the  same  amount  of  iodine  for  complete  precipita- 
tion. Hence  empirical  factors  could  be  established  which  would 
enable  one  to  use  a  standard  solution  of  iodine  for  the  titration 
of  all  such  alkaloids  as  form  insoluble  superiodides.  The 
method,  however,  was  not  frequently  employed,  for  the  reason 
that  there  was  no  experimental  proof  as  to  the  constancy  of 
composition  of  the  precipitates.  Moreover,  it  was  noticed  that 
some  of  the  precipitates  give  up  a  portion  of  their  iodine  to  water^ 
/.  ^.,  they  are  not  completely  insoluble.  Hence  concordant 
results  could  not  be  obtained.  Later,  Schweissinger'  applied 
this  method  to  the  estimation  of  strychnine  and  brucine.  His 
results  have  led  him  to  the  conclusion  that  while  the  method  is 
very  satisfactory  for  strychnine,  it  is  far  from  being  so  for  brucine. 
Recently  Kippenberger,*  in  his  research  upon  the  isolation  and 
separation  of  alkaloids  for  toxicological  purposes,  has  reviewed 
the  subject  of  the  action  of  Wagner's  reagent  upon  alkaloids^ 
and  gives  considerable  prominence  to  this  as  one  of  the  best 
methods  for  the  estimation  of  the  vegetable  bases.  His  method 
of  procedure  was  practically  the  same  as  that  first  proposed  by 
Wagner.  The  alkaloid  is  dis.solved  in  acidulated  water,  and  to 
the  solution  a  tenth  or  twentieth  normal  solution  of  iodine  in 
potassium  iodide  is  gradually  added  until  all  the  alkaloid  is  pre- 
cipitated and  the  supernatant  liquid  shows  a  slight  excess  of 
iodine.  Instead  of  filtering  and  washing  the  precipitate,  as  was 
done  by  Wagner  and  Schweissinger,  Kippenberger  allows  the 
precipitate  to  settle,  and  either  decants  or  filters  off  an  aliquot 
portion  of  the  mother  liquid  for  the  estimation  of  iodine  not 
taken  up  by  the  alkaloid.  The  estimation  of  iodine  is  alw^ays 
done  by  means  of  a  standard  solution  of  sodium  thiosulphate. 

It  has  been  usually  assumed,  for  reasons  not  entirely  clear, 
that  the  composition  of  the  precipitates '  is  Alk.HI.I,,  i.  ^., 
diiodides  of  the  hydriodides  of  the  alkaloids  are  formed.  Of 
the  three  atoms  of  iodine  only  two  can  be  estimated  directly  by 
titration  with  sodium  thiosulphate.  The  hydriodic  acid  is  sup- 
posed to  come  from  the  potassium  iodide,  while  the  two  •*superio- 

^Arch.  d.  Pharm.,  64,  615,  i88s. 

*  ZUchr,  anal.  Chem.,  34,  317 ;  35,  10. 
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dine  ''atomsarefumishedbythefreeiodinedissolvedin  the  potas- 
sium iodide.  The  quantity  of  an  alkaloid  precipitated  by  a 
known  volume  of  Wagner's  reagent  is  calculated  on  this  assump- 
tion, 2I :  molecular  Weight  of  alkaloid  :  :  amount  of  iodine  taken 
up  :  X  =  amount  of  alkaloid.  Schweissinger  found  that  the 
method  of  calculation  agrees  entirely  with  the  theoretical  figures 
for  strychnine.  Kippenberger  has  called  into  question  the  cor- 
rectness of  this  mode  of  calculation.  He,  too,  assumes  that  the 
composition  of  the  precipitates  is  to  be  represented  by  the  for- 
mula Alk.HI.I,,  but  he  claims  that  all  three  atoms  of  iodine  are 
supplied  by  the  free  iodine,  and  none  by  the  potassium  iodide. 
Therefore  the  calculation  of  the  amount  of  alkaloid  precipitated 
istobedone,  accordingto  Kippenberger,  by  the  use  of  the  propor- 
tion, 3I :  molecular  weight  of  alkaloid  :  :  amount  of  iodine  taken 
up  :  ;r  =  amount  of  alkaloid. 

The  hydriodic  acid,  it  is  supposed  by  Kippenberger,  results 
from  the  interaction  of  iodine  and  water, 

2l+2H,0=2HI  +  H,0,, 

a  reaction  which  is  facilitated  or  induced  by  the  avidity  of  the 
alkaloids  to  form  insoluble  periodides  of  the  hydriodides.  His 
reasons  for  assuming  that  such  a  peculiar  reaction  takes  place 
under  the  simple  conditions  of  precipitation,  are  too  lengthy  to 
be  given  here.  All  his  arguments  rest  upon  the  assumption 
that  all  alkaloids  form  periodides  of  uniform  composition, 
Alk.HI.I,,  and  that  the  same  alkaloid  gives  always  the  same 
periodide.  Now,  there  is  no  reason,  a  priori,  why  this  should 
be  the  case.  Jorgenson's'  extended  researches  show  that  dif- 
ferent alkaloids,  when  treated  under  apparently  the  same  condi- 
tions, give  periodides  of  entirely  different  compositions.  Thus, 
morphine  gives  with  Wagner's  reagent  Alk. HI. I,;*  codeiile  fur- 
nishes with  excess  of  Wagner's  reagent  Alk.HI.I^ ;  and  caffeine, 
as  will  be  shown,  gives  Alk. HI. I^,  etc.  It  is  safe  to  say  that 
not  until  we  ascertain  exactly  the  composition  of  the  different 
periodides  as  produced  under  the  conditions  of  titrations,  will 
the  use  of  Wagner's  reagent  for  quantitative  purposes  be  placed 
upon  a  sound  basis. 

"^J.prakt.  Chem-,  /*7o-7*.  [2].  a.  433.  etc. 

s  Jorgenson.  1870;  F.prakt.  Chem.^  [a],  2,438. 
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I  have  dwelt  at  such  length  upon  this  subject,  because  the 
method  for  the  estimation  of  caffeine  presently  to  be  described, 
is  based  upon  experimental  evidence  which  is  entirely  contradic- 
tory to  Kippenberger's  conclusions.  Whatever  the  cause  may 
be  with  other  alkaloids,  his  theory  as  to  the  production  of 
hydriodic  acid  from  iodine  and  water,  does  not  hold  good  in  the 
case  of  caffeine. 

Wagner,  in  describing  his  method,  gives  a  list  of  alkaloids 
which  are  completely  precipitated  by  iodine  solution,  and  also 
mentions  that  **  caffeine,  theobromine,  piperine  and  urea  are  not 
precipitated  at  all.**'  His  statement,  so  far  at  least  as  caffeine 
is  concerned,  has  stood  since  then  uncontradicted.  It  has  found 
its  way  not  only  into  standard  treatises  and  text-books,*  but  even 
into  periodical  literature  of  recent  date.  As  late  as  1894,  Kunze,* 
in  reviewing  the  chemistry  of  caffeine  and  theobromine,  calls 
attention  to  this  peculiarity  of  the  two  alkaloids.  The  non- 
precipitation  of  caffeine  by  Wagner's  reagent  has  come  to  be 
recognized  as  a  distinguishing  feature  of  this  alkaloid  from 
almost  all  other  vegetable  bases. 

And  yet  this  is  entirely  contrary  to  actual  facts.  Instead  of 
forming  an  exception,  caffeine  conforms  to  all  the  requirements* 
necessary  in  the  application  of  this  test.  It  is  well  known  that 
most  of  the  alkaloids  as  such  are  insoluble,  or  only  very  slightly 
soluble  in  water ;  they  require  the  presence  of  some  acid  for  their 
complete  solution.  In  other  words,  alkaloids  in  the  form  of 
their  salts,  are  soluble  in  water.  Whenever  Wagner's  reagent 
is  applied  for  the  precipitation  of  an  alkaloid,  it  is  always  applied 
to  a  solution  of  some  salt  of  it,  preferably  acidulated  with  sul- 
phuric or  hydrochloric  acid.  Therefore,  even  when  strictly  neu- 
tral salts  of  alkaloids  are  employed,  there  is  still  the  possibility 
of  the  formation  of  hydriodic  acid,  or  rather  of  the  hydriodides  of 
the  alkaloid,  as  for  instance,  Alk.HCl  -|-  KI  =  Alk.HI  +  KCl. 

« 

1  Lo€.  cit.  41. 

a  Prcscott,  Organic  Analysis,  p.  80;  AHcn,  Comm.  Organic  Analysis,  Vol.  3,  (*)• 
481  ;  Flucki'ger,  Reactions,  (Nagelvoort's  Translation),  p.  a6;  not  affected  by  Wayner'« 
reagent  in  either  neutral  or  acid  solutions  ;  Dragendorff,  1888.  Ermittelung  von  Gifteiit 
says  that  caffeine  gives  a  dirty  brown  precipitate.  From  the  text  it  is  not  improbable 
he  used  iodine  in  hydriodic  acid. 

S  Ztschr.  anal.  Chem.,  33,  23. 

4  This  test  is  perhaps  most  frequently  made  in  a  neutral  solution,  representing,  u 
customary  state,  free  caffeine  and  normal  salts  of  other  alkaloids. 
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The  hydriodide  thus  produced  is  at  once  precipitated  as  a  peri- 
odide.  Now,  it  so  happens  that  caffeine  is  tolerably  soluble  in 
water,  and  it  has  become  customary  to  work  with  solutions  of 
caffeine  as  a  free  alkaloid,  and  not  in  the  form  of  its  salts.  The 
question  as  to  whether  solutions  of  free  alkaloids  are  precipitated 
with  Wagner's  reagent  has  not,  to  my  knowledge,  been  studied. 
My  preliminary  experiments  in  that  direction  show  that  at  least 
some  alkaloids  (morphine,  atropine,  strychnine,  etc.),  are  pre- 
cipitated. I  have  not  examined  yet  whether  these  periodides 
are  identical  in  composition  with  those  produced  from  the  salts 
of  the  alkaloids.  But  so  far  as  caffeine  is  concerned,  it  is  true 
that  a  neutral  solution  of  it  givei  no  precipitate  when  treated  with  a 
solution  of  iodine  in  potassiun  iodide.  When  however  the  addi- 
tion of  Wagner's  reagent  is  either  followed  or  preceded  by  the 
addition  of  some  dilute  acid,  there  is  at  once  thrown  down  a 
dark-reddish  precipitate,  remaining  amorphous  even  on  long 
standing.'  The  composition  of  this  periodide  is,  as  will  be  shown, 
C,H,,N^O,.HI.I^.  It  was  obtained  for  analysis  in  many  different 
ways — by  using  either  caffeine  or  iodine  in  excess,  and  by 
employing  different  acids.  The  periodide  produced  is,  however, 
always  of  the  same  composition.  The  precipitates  were  allowed 
to  settle,  filtered  by  means  of  a  pump,  washed  with  water  to 
remove  the  excess  of  potassium  iodide,  dried  on  porous  plates, 
and  finally  in  a  vacuum  over  sulphuric  acid. 

I.  This  sample  was  obtained  by  slowly  adding  a  solution  of 
iodine  in  potassium  iodide  to  a  solution  of  caffeine  acidulated 
with  sulphuric  acid.  The  iodine  was  added  until  the  superna- 
tant liquid  was  decidedly  red.  The  whole  was  allowed  to  stand 
three  hours,  filtered,  washed  and  dried  as  described  above.  The 
total  iodine  was  estimated  in  the  usual  way,  i.  e, ,  by  suspending 
a  weighed  sample  in  water,  adding  sulphurous  acid  solution, 
then  silver  nitrate  and  nitric  acid;  filtered,  washed  and  dried. 
The  ** exterior"  iodine,  /.  ^.,  the  iodine  not  as  hydriodic  acid, 

I  Almost  the  same  can  be  said  of  theobromine,  raakingr  allowance  for  the  difference 
of  solubility  of  the  alkaloid  in  water.  A  saturated  solution  of  it  (containing  one  part  of 
theobromine  to  1600  of  watei)  gives  no  precipitate  with  Wagner's  reagent,  but  on  the 
addition  of  a  drop  of  acid  there  separates  in  a  short  time  a  crystalline  periodide.  Con- 
trary to  usual  statements,  I  find  that  theobromine  in  acid  solutions  gives  a  heavy  pre- 
cipitate with  Wagner's  reagent,  of  a  peculiar  dirty-blue  color. 
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was  estimated  by  direct  titration  with  standard  sodium  thiosnl- 

phate. 

o.iooi  gram  gave  for  total  iodine  0.3785  gram  Agl, 
0.2358      "  ■■       "exterior"     0.1433  gram  I. 

II.  This  sample  was  obtained  by  adding  to  an  acidalated 
solution  of  caffeine  enough  iodine  to  precipitate  about  one-half 
of  the  caffeine  present. 

0.3563  gram  gave  for  total  iodine  0.3591  gram  Agl. 
0.1659      exterior    "     0.0997  gram  I. 

III.  A  neutral  solution  of  caffeine  was  mixed  with  an  excess 
of  Wagner's  reagent,  and  to  the  mixture  dilute  sulphuric  acid 
was  gradually  added  so  long  as  a  precipitate  was  produced. 

0.4039  gram  gave  for  total  iodine  0.5668  gram  Agl. 
0.1434       ■'        "       "  exterior  "      o.oS66gTam  I. 

IV.  Filtrates  from  I  and  III,  on  long  standing,  gave  a  deposit 
of  dark-blue  needle-like  crystals,  which  were  collected,  washed 
and  dried  as  before. 

0.7884  gram  gave  for  total  iodine  1.1064  gram  Agl- 
0.4450      "       "      "  exterior  "     0.3685  gram  I. 

V.  This  wa-s  obtained  by  recry stall izing  the  amoiphous  pre- 
cipitate from  methyl  alcohol. 

0.2890  gram  gave  for  exterior  iodine  0.1756  gram  I. 

VI.  Obtained  by  recrystall izing  the  amorphous periodide from 
hot  ethyl  acetate. 

0.4807  gram  gave  for  total  iodine  0.6709  gram  Agl. 
0.1622  gram  I. 


Total  iodine....   76.44    75-12     75.66    75.84     75.83      ....     75-4° 
Exterior  iodine.  61.15    60.79    So-Il     60.81     60.34    60,76    60.21 
When  some  of  the  periodide  is  treated  with  a  solution  of  sul- 
phur dioxide,  and  then  extracted  with  chloroform,  it  furnishes 

' "  --"-:ine. 

ion  of  this  periodide  of  caSeide  appears  to  be 
lat  described  by  Tilden,'  which  he  obtained  by 
light  an  alcoholic  solution  of  caffeine  coutaininK 
acid.     The  slow  oxidation  of  the  hydriodic  acid 
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furnished  the  iodine,  and  the  compound  thus  obtained  has  the 
composition,  according  to  Tilden,  2(CjH„N^O,HI.I,).3H,0.  It 
is  a  lower  periodide  than  the  one  which  is  obtained  when  iodine 
dissolved  in  potassium  iodide  is  directly  added  to  caffeine,  as 
the  latter  has  the  composition  C,H,,N^O,.HI.I^.  Tilden  also 
mentions  that  by  the  addition  of  alcoholic  iodine  to  a  solution  of 
caffeine  in  weak  sulphuric  or  hydriodic  acid,  he  obtained  a 
deposition  of  black  granules,  which  upon  analysis  furnished 
about  seventy-five  per  cent,  of  total  iodine.  He  says  that  it 
probably  consists  of  a  compound  containing  nine  atoms  of 
iodine.  But  there  is  hardly  any  doubt  that  he  had  the  tetra- 
iodide  of  caffeine  hydriodide. 

Properties.  When  dry  the  periodide  is  a  violet- blue  amorphous 
powder  melting  at  213^  C.  When  moist  i(  rapidly  loses  iodine 
on  exposure  to  air.  It  is  permanent  when  dry  and  suffers  but 
slight  loss  when  heated  to  100**  C.  Two  grams  heated  for  four 
hours  at  that  temperature  lost  only  0.027  gram  =  1.33  per  cent. 
It  loses  but  very  little  of  its  iodine  when  suspended  in  water, 
giving  up  enough  iodine  to  saturate  the  liquid.  The  presence 
of  potassium  iodide  in  the  water  favors  the  liberation  of  iodine, 
but  even  then  it  is  but  slight.  The  periodide  dissolves  readily 
in  alcohol,  especially  when  heated,  with  considerable  decompo- 
sition into  the  free  base  and  iodine.  It  is  more  soluble  in  methyl 
alcohol  and  suffers  less  decomposition  in  that  solvent.  It  can 
be  obtained  from  methyl  alcohol,. on  spontaneous  evaporation  of 
the  solvent,  in  the  form  of  beautiful  crystals,  with  a  metallic 
dark-bluish  lustre.  When  examined  under  the  microscope  the 
crystals  appear  to  consist  of  six-sided  prisms.  Ether,  whether 
cold  or  warm,  decomposes  it  but  slightly.  The  periodide  is 
insoluble  in  chloroform,  carbon  disulphide  and  benzene.  It  is 
soluble  without  decomposition  in  hot  ethyl  acetate,  from  which 
it  separates  on  cooling  as  a  dark  granular  crystalline  deposit, 
which  melts  at  215''  C. 

Limits  of  Precipitation,  Like  most  alkaloids,  caffeine  is  pre- 
cipitated by  Wagner's  reagent  even  from  very  dilute  solutions  of 
the  base.  Although  not  characteristic,  it  is  yet  as  delicate  a 
itsi  ior  caffeine  as  we  have.  The  limits  of  precipitation,  under 
the  influence  of  different  acids,  will  appear  from  the  following 
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table.  The  tests  apply  to  one  cc.  of  the  solution  mentioned, 
acidulated  with  two  or  three  drops  of  the  acid,^  and  to  this  two 
drops  of  Wagner's  reagent  (twentieth  normal)  was  added. 


Dilution. 
250 
1000 

1500 
3000 

5000 
8000 

lOOOO 


I 
I 
I 
I 
I 
I 
I 


Sulphuric 

Rcid. 

Five 

per 

cent. 

V.  heavy. 
V.  heavy. 

heavy, 
fair. 

V.  si. 

V.  si. 

none. 


Hydro- 
chloric 

acid. 

Five 

per 
cent. 


Nitric 

acid. 

Five 

per 

cent. 


V.  heavy,     v.  heavy. 
V.  heavy,    v.  heavy. 


Acetic 

acid. 

Five  and 

fifty  per 

cent. 

none. 


heavy. 

fair. 

si. 

si. 
V.  si. 


heavy. 

fair. 

si. 

si. 

v.  si. 


Oxalic 
acid. 
Five 
per 

cent. 

heavy, 
heavy. 

si. 
faint. 


Tartaric 

acid. 

Ten 

per 

cent 


Citric 

acid. 

Ten 

per 

cent 


slight,    faint. 

V.  si.     none. 

none. 


ESTIMATION  OF  CAPFBINB. 

All  the  methods  for  the  estimation  of  caffeine  depend  upon  the 
extraction  of  the  alkaloid  by  an  immiscible  solvent  from  either  a 
dry  residue,  or  from  its  solution  in  water.  But  Spencer*  has 
recently  shown  how  difficult  it  is  to  remove  the  alkaloid  from  its 
solution  in  water.  According  to  him,  it  is  necessary  to  shake 
out  the  liquid  at  least  seven  times  with  chloroform,  in  order  to 
remove  caffeine  quantitatively.  It  is  usually  stated  thatcaffeine 
does  not  form  any  stable  salts  in  a  watery  solution,  and  conse- 
quently it  can  be  shaken  out  with  immiscible  solvents  from 
either  alkaline  or  acid  solutions.  But  this  is  only  relatively 
true,  as  will  appear  from  the  following  illustrations.  1.0085 
grams  of  caffeine  were  dissolved  in  sixty  cc.  of  sulphuric  acid 
( I  :  10) ,  and  this  solution  was  repeatedly  shaken  out  with  chlo- 
roform, twenty-five  cc.  at  a  time. 

10  consecutive  portions  of  chloroform  gave  a  total  of  0.5514  gram  caffeine 
3  additional         "  "         "  made  a  "      "0.4859     •• 

3  more  additional  portions  of  '*  "         *'       "0.5034     " 

• 

The  extreme  delicacy  of  the  test  for  caffeine  by  means  of 
Wagner's  reagent,  has  suggested  the  possibility  of  applying  this 
reagent  for  the  quantitative  estimation  of  the  alkaloid.  Its  suc- 
cessful application  necessitates,  of  course,  a  solution  of  the  alka- 
loid free  from  other  substances  that  are  precipitated  by,  or  absorb 
iodine, — a  condition  requisite  in  the  estimation  of  any  base  by 

ly.  anal.  Ckrm.^  4,  390,  j8^. 
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means  of  Wagner's  reagent.  This  method  gives  very  satisfac- 
tory results,  as  nearly  theoretical  as  could  be  expected.  I  am 
indebted  for  the  analytical  data  of  the  subjoined  table  to  Mr. 
James  W.  Knox,  holder  of  the  Steams'  Fellowship  in  the  School 
of  Pharmacy.  The  method  of  procedure  employed  by  us  was 
practically  the  same  as  that  used  by  Kippenberger.  Definite 
volumes  of  acidulated  solutions  of  caffeine  were  precipitated 
with  a  known  volume  of  iodine  in  potassium  iodide.  After  com- 
plete precipitatidn  an  aliquot  portion  of  the  supernatant  liquid 
was  obtained,  either  by  decantation  or  filtration,  and  the  excess 
of  iodine  was  estimated  by  titrating  against  a  tenth  normal 
solution  of  sodium  thiosulphate.  The  precipitation  is  best  per- 
formed in  a  tall  test-tube  on  foot,  and  the  solution  for  titration  is 
removed  directly  by  immersing  the  end  of  the  burette  into  the 
liquid  and  applying  suction  at  the  upper  end.  When  it  is  desira- 
ble to  filter  off  an  aliquot  portion,  a  filter  of  glass-wool  and 
asbestos  gives  very  satisfactory  results. 

We  have  tested  the  method  on  solutions  of  caffeine  acidulated 
with  sulphuric  acid,  the  solutions  being  of  different  strengths, 
namely:  containing  0.25  per  cent,  of  caffeine,  0.50  percent., 
0.75  per  cent.,  and  i.oo  percent.,  respectively.  We  have  varied 
in  different  series  of  experiments  the  amounts  of  Wagner's 
reagent,  employing  just  the  theoretical  quantities,  a  small  and 
large  excess  above  that,  as  well  as  quantities  below  those 
required  by  the  theory.  Columns  I,  II,  III,  and  IV  give  the 
results  obtained  by  allowing  the  solutions  to  stand  for  an  hour 
before  decanting  an  aliquot  portion  for  titration  ;  column  V 
shows  the  results  obtained  when  the  liquid  for  titration  was  fil- 
tered off  within  five  minutes  after  the  addition  of  Wagner's 
reagent.  The  results  are  calculated  on  the  basis  that  the  perio- 
dide  has  the  composition  C,H,oN,0,.HI.I^.  The  amount  of  alka- 
loid is  calculated  from  the  amount  of  iodine  used  up,  by  the 
formula, 

4I :  C.H,,N,0,  :  :  506  :  194 ; 

I.  f .,  one  part  of  iodine  represents  0.3834  parts  of  caffeine.  Or,  one 
cc.  tenth  normal  iodine  =  0.00485  grams  caffeine. 

The  results  presented  below  show  that  the  estimation  of  caf- 
feine by  this  method  is  very  exact.  The  best  results  are  obtained 
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when  iodine  is  in  considerable  excess,  as  is  evident  from  the 
figures  obtained  where  one  and  one-third  and  twice  the  theo- 
retical quantities  of  Wagner's  reagent  were  used.  All  the 
results  in  the  table  were  obtained  on  solutions  of  caffeine  acidu- 
lated with  sulphuric  acid,  the  acidulation  being  tolerably  strong, 
about  one  cc.  of  the  concentrated  acid  to  fifty  cc.  of  the  liquid. 
Experiments  upon  the  influence  of  the  acid  indicate  that  a  large 
excess  of  sulphuric  acid  interferes  to  some  extent  with  the  reaction . 
The  amount  of  recovered  caffeine  falls  as  low  as  ninety-five  per 
cent,  of  the  quantity  taken,  when  four  cc.  of  the  concentrated 
acid  to  fifty  cc.  of  the  liquid  are  used.  The  results  are  also  not 
very  uniform  and  concordant.  The  fact  that  the  precipitation 
of  caffeine  by  Wagner's  reagent  is  more  delicate  in  presence  of 
hydrochloric  acid  than  any  other  acid  would  make  it  advisable 
to  employ  that  acid  in  quantitative  estimation  of  the  base  by 
iodine. 

This  method  could  easily  be  employed  for  the  estimation  of 
the  alkaloid  in  caffeine- bearing  drugs.  Of  course,  it  is  neces- 
sary to  have  the  final  solution  of  the  alkaloid  in  water  as  free  as 
possible  from  other  substances  that  may  be  precipitated  b}*^  Wag- 
ner's reagent.  The  estimation  of  caffeine  by  this  method  is 
likely  to  give  higher  results  than  have  hitherto  been  obtained. 
The  following  procedure  is  recommended.^  The  drug  is  thor- 
oughly digested  with  water  for  some  time,  by  the  aid  of  heat, 
cooled,  and  made  up  to  a  definite  volume,  and  filtered.  An  ali- 
quot portion  of  the  filtrate  is  treated  with  lead  acetate,  the  pre- 
cipitate allowed  to  settle,  and  filtered.  The  whole  of  the  fil- 
trate, or  a  given  portion  of  it,  is  treated  with  hydrogen  sulphide 
to  remove  the  lead,  and  filtered.  This  filtrate,  after  boiling  off 
the  hj'drogen  sulphide,  is  divided  into  two  equal  portions,  and 
each  treated  with  a  definite  volume  of  the  standard  iodine  solu- 
tion,— the  first  portion  without  the  addition  of  any  mineral  acid, 
the  second  with  the  addition  of  hydrochloric  or  sulphuric  acid. 
After  five  to  ten  minutes'  standing  the  excess  of  iodine  is  esti- 
mated in  each  of  the  two  solutions,  as  described  above. 
The  first  portion,  containing  no  other  but  some  acetic  acid, 
serves  to  indicate  whether  the  filtrate  from  the  lead  sulphide  con- 
tains any  other  materials  besides  caffeine  that  are  likely  to  be 

1  These  directioua  are  iu  pnrt  those  jciveii  by  Speuccr.  1S90 :  J.  anal.  Chem.,  4,  590. 
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precipitated  by  Wagner's  reagent, — for  caffeine  itself  is  not  pre- 
cipitated by  it  even  in  presence  of  tolerably  strong  acetic  add. 
If  any  absorption  of  iodine  be  fonnd  in  the  first  portion,  then 
that  quantity  is  to  be  subtracted  from  the  amount  of  iodine  taken 
up  by  the  second  portion  ;  the  difierence  represents  the  iodine 
used  up  in  the  formation  of  the  periodide  of  caffeine.  The 
amount  thus  used  up,  multiplied  by  0.3834,  gives  the  amount  of 
caffeine  in  that  particular  portion  of  the  liquid. 

AUK  ABBOR,  MlCHIOAN. 


ON  THE  FORMATION  OF   ANTinONY  CINNABAR. 

By  J.  H,  LOMO. 

THE  composition  of  the  pigment  known  as  antimony  cinna- 
bar has  been  stated  by  several  different  fonnulas,  as  may 
be  seen  by  consulting  the  leading  hand-books  of  chemistry.  The 
substance  was  usually  considered  as  a  mixture  of  sulphide  and 
oxide  or  as  an  oxysulphide  with  the  formula  Sb,S,0.  The  for- 
mula, Sb,S,.  is  found  also  in  some  of  the  older  works,  and  Bau- 
bigny'  has  shown  that  this  is  undoubtedly  the  correct  one. 
Experiments  made  by  myself  and  described  in  this  Joomal,  in 
February,  1895,  led  me  to  adopt  the  same  formula. 

The  compound  is  usually  prepared  by  boiling  a  solution  of 
antimony  chloride  or  tartrate  with  sodium  thiosulphate  or 
crude  calcium  thiosulphate.  As  obtained  from  the  acid  solution 
of  the  chloride,  the  product  is  not  pure  and  not  of  constant  com- 
position, being  frequently  mixed  with  oxychloride.  This  mix- 
ture is  a  mechanical  one  and  analysis  made  from  it  has  no  value 
in  establishing  a  formula.  The  precipitate  obtained  by  boiling 
a  mixture  of  pure  solutions  of  tartar  emetic  and  sodium  thiosul- 
phate, on  the  other  hand,  has  a  constant  composition,  and  num- 
erous analyses  I  have  made  of  it  in  the  past  year  lead  to  the  for- 
mula already  given.' 

"  '  with  other   formulas  established  in  the   paper 

jgested  there  that  the  reaction  between  the  tar- 
Iphate  may  be  represeuted  by  this  equation  : 
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2KSbOC,H,0.  +  Na,S,0,  +  H.O  = 

2KNaC,H,0,  +  Sb.O,  +  H.S.O,, 

the  oxide  and  thiosulphate  then  acting  on  each  other  to  form 
sulphide  : 

Sb.O.  +  2H,S,0,  =  Sb.S.  +  2H.O  +  SO,  +  5O. 

The  oxygen  and  sulphur  dioxide  are  not  liberated  as  such  but 
held  as  polythionates  with  the  excess  of  thiosulphate  used. 

To  throw  further  light  on  the  reaction  I  have  attempted  the 
formation  of  the  cinnabar  by  other  methods.  While  the  product 
is  sulphide  of  antimony,  it  appears  that  it  can  be  made  with  its 
characteristic  color  only  by  the  decomposition  of  a  thiosulphate. 
All  attempts  to  obtain  the  true  precipitate  by  action  of  hy- 
drogen sulphide  or  alkali  sulphides  and  sulphur  dioxide  on 
antimony  solutions  failed.  The  only  body  formed  was  the 
amorphous  sulphide,  often  mixed  with  sulphur.  On  the  other 
hand,  by  the  action  of  a  neutral  or  acid  mixture  of  an  antimony 
compound  and  a  thiosulphate  on  each  other,  the  cinnabar  red 
product  is  the  only  one  formed.  If  the  mixture  is  made  alka- 
line by  the  addition  of  a  drop  or  two  of  ammonia  water,  no  sul- 
phide whatever  precipitates.  A  small  amount  of  hydrated  oxide 
of  antimony  separates,  but  the  decomposition  of  the  thiosulphate 
is  prevented.  On  the  addition,  now,  of  enough  weak  acid  to 
neutralize  the  ammonia  a  yellow  precipitate  soon  appears,  but 
this  speedily  changes  to  deep  bright  red.  The  formation  of  the 
tnie  cinnabar  seems  to  begin  by  the  appearance  of  a  yellowish 
intermediate  product,  which  is  compatible  with  the  above  equa- 
tions. 

In  this  connection  it  is  interesting  to  note  the  behavior  of  pure 
antimony  trioxide  with  solutions  of  thiosulphate.  The  reaction 
of  the  latter  with  a  soluble  antimony  compound  is  comparatively 
rapid,  and  experiments  were  made  to  show  the  action  of  the 
oxide  under  the  same  conditions.  It  was  found  that  the  latter, 
when  added  to  a  strong  or  weak  neutral  thiosulphate  solution  is 
unable  to  effect  a  decomposition,  in  the  cold  or  by  application  of 
heat.  When  the  mixture  is  boiled  the  oxide  remains  perfectly 
white.  This  is  true  even  after  heating  in  an  autoclave  under  a 
pressure  of  eighteen  atmospheres. 
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It  was  found,  however,  that  with  the  addition  of  a  little  add 
to  the  mixture  of  oxide  and  thiosulphate  a  reaction  followed 
after  a  time,  although  it  never  became  complete.  In  a  series  of 
experiments  a  constant  weight,  0.576  gram,  of  the  pure  precipi- 
tated, washed,  and  dried  oxide  was  taken  and  mixed  with 
water  and  a  constant  weight  of  sodium  thiosulphate  in  solution, 
in  each  case  0.992  gram  of  the  salt.  Definite  volumes  of  half 
normal  hydrochloric  acid  were  then  added  and  water  enough  to 
make  the  total  volume  fifty  cc.  in  each  case.  The  mixtures 
were  made  in  small  Erlenmeyer  flasks,  loosely  stoppered,  and 
were  very  frequently  shaken.  The  amounts  of  hydrochloric 
taken  are  given  in  the  table  below.  The  reactions  became 
apparent  only  after  several  minutes,  and,  after  five  hours,  had 
advanced  so  far  in  the  mixtures  numbered  one  and  two,  that 
the  products  had  become  orange.  The  reactions  in  the  other 
flasks  were  less  marked,  but  later  became  strong.  The  mix- 
tures wer6  made  on  October  7th  and  were  shaken  many  times 
daily  through  two  months,  in  fact,  as  long  as  any  change  of 
color  in  them  was  noticed.  On  December  third  the  amount  of 
sulphide  of  antimony  present  was  found  by  the  method  of  Rivot, 
oxidation  by  chlorine  after  preliminary  treatment  with  strong 
potassium  hydroxide  solution.  The  sulphur  is  found  as  sul- 
phate and  the  amount  of  sulphide  formed  in  each  case  is  shown 
by  the  table. 

BaS04  Sb,0s 

H,0.  found.  converted. 

48  CC.  0.155  gram.  0.064  gram. 

46  "  0.293     **  0.121     *• 

42  *'  0.384     "  0.158     " 

38  "  0.427     •«  0.176     " 

34  "  0.454     '•  0.187     *• 

In  mixtures  one  and  two  no  evolution  of  sulphur  dioxide 
could  be  detected  by  the  odor  or  by  tests,  but  in  the  others  it 
was  apparent,  weak  in  3  and  strong  in  4  and  5.  No  free  sul- 
phur was  precipitated  in  any  case,  or  at  any  rate  could  not  be 
found  in  the  final  product.  Although  but  a  small  part  of  the 
oxide  was  actually  converted  the  color  of  the  products  in  mix- 
tures I  and  2,  was  a  deep  cinnabar,  and  perfectly  characteristic. 
The  amounts  of  sulphide  formed  or  of  oxide  converted  are  not 


No. 

of  SbtOa. 

Na,S,0,. 

*^  HCl. 

a 

I 

0.576  gram. 

0.992  gram 

2  CC. 

2 

0.576     " 

0.992     ** 

4  " 

3 

0.576     *' 

0.992     " 

8  ** 

4 

0.576     *' 

0.992     ** 

12  *• 

5 

0.576     " 

0.992     ** 

16  *' 
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proportional  to  the  volumes  of  acid  used,  and  are  much  less  than 
should  be  found  on  the  assumption  that  the  reaction  begins  by 
the  production  of  antimony  chloride  from  the  oxide.  If  this 
were  true,  the  sulphide  formed  by  means  of  the  soluble  thiosul- 
phate  should  increase  with  the  acid  taken.  The  reaction 
appears  to  take  place  between  the  oxide  and  thiosulphuric  acid 
liberated  by  the  hydrochloric  acid,  as  was  suggested  by  several 
experiments.  In  one  case  o. 500  gjam  of  antimony  oxide  was  treated 
with  ten  cc.  of  half  normal  hydrochloric  acid  and  thirty  cc.  of 
water,  as  before,  and  allowed  to  stand  twenty  minutes,  with  fre- 
quent shaking.  The  mixture  was  then  filtered  and  to  the  filtrate 
one  gram  of  sodium  thiosulphate  in  ten  cc.  of  water  was  added. 
In  a  short  time  a  precipitate  of  sulphur  formed,  perfectly  light 
colored,  showing  the  absence  of  even  a  trace  of  the  antimony. 
The  rapidity  with  which  the  thiosulphate  was  decomposed 
showed  that  the  hydrochloric  acid  taken  must  be  in  the  filtrate 
and  not  in  the  residue,  as  oxychloride  for  instance.  Titration ' 
of  the  filtrate  showed  this  in  a  similar  case.  In  a  second  experi- 
ment the  acid  and  thiosulphate,  in  amounts  equal  to  those  of  the 
last  experiment,  were  mixed,  and  after  the  lapse  of  one  minute 
the  now  opalescent  mixture  was  added  to  some  antimony  oxide. 
Although  the  reaction  between  the  first  substances  had  gone 
into  its  second  stage,  showing  that  the  hydrochloric  acid  was 
now  certainly  in  combination,  a  precipitation  of  antimony 
sulphide  began  almost  immediately  and  in  a  short  time  the  cinna- 
bar color  was  distinct. 

Thiosulphuric  acid  is  usually  spoken  of  as  quite  unstable,  but 
Landolt  has  shown*  that  in  dilute  solutions  it  may  exist  many 
seconds,  even  minutes.  The  interval  before  precipitation  is 
lengthened  by  dilution.  If  decomposition  begins  in  presence  of 
compounds  of  the  heavy  metals,  a  sulphide,  sulphur  dioxide, 
and  polythionates  may  form.  A  large  excess  of  thiosulphuric  acid 
is  necessary  to  complete  the  reaction  in  this  manner,  as  suggested 
by  the  experiments  of  Vortmann.* 

In  experiment  No.  i  of  the  table  above  the  amount  of  hydro- 
chloric acid  taken  is  just  one-eighth  of  that  necessary  to  com- 
plete this  reaction  with  the  thiosulphate  : 

^  Ser,  d.  ckem.  Ces.,  16,  3958. 
>  Ber.  d.  chem.  Ges.,  aa,  2307. 
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2HCI  +  Na,S,0,  =  2NaCl  +  H,S,0,- 

By  fiill  conversion  enough  acid  would  be  liberated  to  complete 
the  equation  assumed  at  the  beginning, 

Sb.O,  +  2H,S,0,  =  Sb.S,  -h  2H,0  +  SO.-|-  5O, 
with  the  amounts  of  oxide  and  thiosulphate  taken.  It  follows, 
therefore,  that  not  over  one-eighth  of  the  antimony  oxide  taken 
should  be  found  converted  into  sulphide,  and  the  result  of  the 
experiment  shows  slightly  less  than  this.  According  to  this 
theory  we  should  have  0.072  gram  of  oxide  changed.  The  test 
shows  0.064  gram.  In  the  second  and  following  experiments 
the  amount  of  oxide  converted  is  relatively  still  less.  The  acid 
taken  in  the  last  experiment  is  sufficient  to  decompose  all  of  the 
thiosulphate  and  thus  permit  the  conversion  of  all  of  the  oxide. 
But  the  result  shows  that  slightly  less  than  one-third  the  oxide 
has  been  changed.  In  the  first  experiment  no  escape  of  sulphur 
dioxide  was  noticed,  while  m  the  last  it  was  quite  marked  and 
this  fact  has  doubtless  some  connection  with  the  low  amount  of 
sulphide  formed.  The  reaction  which  takes  place  in  a  weak 
solution  of  thiosuiphuric  acid  is  evidently  different  from  that  in 
the  strong  solution,  inasmuch  as  the  greater  portion  of  the  sul- 
phur seems  to  be  given  ofif  as  sulphide  in  the  one  case  and  as 
sulphur  dioxide  in  the  other. 

In  the  somewhat  similar  reaction  with  arsenious  oxide  Vort- 
mann*  suggests  this  equation, 

As,0,  +  9H.S,0,  =  As.S.  +  3H.S,0,  +  3SO.  +  6H.0, 

in  which  but  one-sixth  of  the  sulphur  present  is  used  to  form 
sulphide.  By  increasing  the  amount  of  hydrochloric  acid  added 
to  the  thiosulphate  the  decomposition  of  the  latter  is  hastened. 

It  is  possible  that  after  a  time,  with  increased  liberation  of 
sulphur  dioxide  the  formation  of  sulphide  may  be  retarded,  as 
was  suggested  by  this  experiment.  I  mixed  half  a  gram  of  the 
antimony  oxide  with  one  gram  of  sodium  thiosulphate  in  ten  cc. 
of  water,  and  added  ten  cc.  of  half-normal  hydrochloric  acid  and 
thirty  cc.  of  moderately  strong  solution  of  sulphur  dioxide,  free 
from  air.  By  using  water  instead  of  the  last  solution,  precipi- 
tation would  appear  in  a  few  minutes,  but  in  this  case  it  was 
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delayed  several  hours  and  then  but  a  slight  amount  of  yellowish 
product  appeared.  The  thiosulphate  is  therefore  protected  from 
decomposition  by  the  presence  of  the  sulphur  dioxide. 

The  cinnabar  is  easily  formed  from  the  oxychloride  of  anti- 
mony without  addition  of  acid.  Some  recently  precipitated  and 
well  washed  oxychloride  was  mixed  with  water  and  thiosul- 
phate solution  of  the  strength  used  before.  The  characteristic 
color  soon  appeared  and  in  a  short  time  the  whole  product 
seemed  to  be  cinnabar.  The  reaction  is  doubtless  aided  by  the 
hydrochloric  acid  liberated  by  the  decomposition  of  the  oxychlo- 
ride in  presence  of  water.  The  acid  in  turn  attacks  the  thiosul- 
phate, and  so  the  process  becomes  continuous  and  rapid.  These 
reactions  are  all  much  hastened  by  application  of  heat  and  the 
quantitative  relations  are  also  altered,  but ,  at  a  temperature  of 
20*  C.  thiosulphuric  acid  seems  to  be  the  active  precipitating 
agent  in  the  cases  investigated. 

northwestsmn  univbr8zty, 
Chicago. 
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I.    INTRODUCTION. 

• 

THE  formation  of  periodides  by  organic  bases  has  been 
known  as  far  back  as  1839.'  Their  methods  of  prepara- 
tion, their  composition  and  properties  have  been  subjects  of 
investigation  at  different  periods  since  then.  Jorgensen,'  in 
1870,  made  a  complete  review  of  the  subject,  and  has  contributed 
a  long  list  of  new  periodides.  In  1887,  Gunther*  made  a  com- 
pilation of  all  the  periodides  known  up  to  that  time,  and  reported 
many  new  ones.  More  recently  Prescott*  offered  a  classification 
of  all  know  periodides  of  both  organic  and  inorganic  bases,  pre- 
senting at  the  same  time  a  history'  of  the  principal  advances  in 
the  study  of  the  subject. 

A  strict  separation  of  .the  periodides  as  such  into  those  of 
alkylamines  and  those  of  pyridine  and  of  its  derivatives,  seems 

I  Bouchftrdat,  1836 :  Compt.  Rend.^  g,  475- 
^J.prakt.  Ch€m,  [al,  a.  347. 433, 1870. 
*Ann.  Chef.  (Uebig),  340,  66. 
*  Thi»  Jounwl,  17,  775. 
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hardly  necessary.  We  know  of  no  property,  as  to  composition 
or  stability,  which  is  characteristic  of  one  class  of  the  periodides, 
and  is  not  shared  equally  well  by  the  other.  At  one  time,  Dit- 
mar'  thought  to  have  found  such  a  distinguishing  reaction  in 
the  formation  of  chloriodides  of  the  bases.  According  to  him, 
it  is  only  the  bases  of  pyridine  structure  that  are  attacked  by 
chloride  of  iodine,  with  the  formation  of  chloriodides,  RNCl.I. 
Yet  it  has  been  shown*  previously  to  his  report  that  this  is  not 
the  case.  Later,  Ostermayer'  reported  the  formation  of  such  a 
chloriodide  of  caffeine,  and  recently  Pictel  and  Krafft*  obtained 
by  the  action  of  trichloride  of  iodine  a  similar  chloriodide  of  tri- 
methylamine. 

All  the  periodides  of  primary,  secondary,  and  tertiary  ammo- 
nium salts,  including  those  of  pyridine  and  its  derivatives,  con- 
tain hydriodic  acid  as  the  salt  forming  acid,  and  the  **periodine'* 
is  supposed  to  be  linked  to  the  iodine  of  this  acid.  The  iodine 
of  the  acid,  being  linked  directly  to  the  nitrogen  of  the  base,  is 
not  affected  by  reducing  agents,  such  as  sulphurous  acid, 
sodium  thiosulphate,  nascent  hydrogen,  etc.,  while  the  **  perio- 
dine"  is  readily  attacked  under  such  treatment,  and  yields 
hydriodic  acid.  The  constitution  of  quaternary  ammonium 
periodides,  including  those  of  the  quaternary  pyridine  salts,  is 
entirely  similar  to  that  of  the  tertiary  class,  the  hydrogen  of  the 
acid  being  replaced  by  an  alkyl.  The  following  formulas  will 
make  this  clear : 

H 
R'"N<Ct  t    periodides  of  tertiary  ammonium  salts. 

R'"N<Ct  t    periodides  of  quaternary  ammonium  salts. 
•^•■*-ii» 

The  organic  bases  are  also  capable  of  forming  other  halogen 
additive  compounds,  besides  the.simple  periodides.  These  can 
be  classified  as  follows  : 

I .  Compounds  wherein  iodine  or  bromine  4S  linked  directly  to 
the  nitrogen  without  the  intervention  of  a  halogen  acid,  such  as 

1  Ber.  d.  chem.  Ges.,  i8,  163, 1885. 
3/.  Chem.  Soc.,  ig*  145,  z866. 
S  Ber.  d.  chem,  Ges.^  18,  2398, 1885, 
♦  Bull.  Soc.  Cht'm.  [3],  7,  72,  189?. 
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pyridine  tetraiodide,  C^H^N.!^,*  quinoline  tetrabromide,  C,H,N. 
Br,.' 

2.  Those  obtained  by  the  action  of  monochloride'  and  tri- 
chloride^ of  iodine  upon  bases.  They  contain  both  chlorine  and 
iodine  linked  directly  to  the  nitrogen.     Their  structure  can  be 

CI 
represented  by   the  general   formula   R'"N<[j  .     Thesii  com- 
pounds still  retain  the  power  of  forming  salis  by  union  with 
acids,  as  (R'"NC1.I).HC1. 

3.  Periodides  wherein  the  **periodine''  is  linked  to  another 
halogen  not  iodine.     These  are  few  in  number,  and  are  all  on 

the  quaternary  ammonium  type,  R'"N<Ig    j 

4.  Periodides  containing  another  acid^  in  addition  to  hydriodic 
acid,  such  as  in  herapathites,  periodo  selenites,  phosphates,  chlo- 
rides, etc.  But  as  each  contains  hydriodic  acid,  Jorgensen 
legitimately  infers  that  the  '  *  periodine  '*  is  in  all  probability 
linked  to  this  acid  and  not  to  the  other. 

5.  Perbromidesof  the  hydrobromidesof  bases.  Only  very  few 
of  these  have  been  reported,  although  it  is  well  known  that  a 
great  number  of  alkaloids  are  precipitated  by  bromine  dissolved 
in  hydrobromic  acid.  Pyridine,*  quinoline,'  and  nicotine'  form 
such  perbromides. 

All  the  perhalides  of  organic  bases,  so  far  reported,  (except 
the  simple  periodides)  can  be  referred  to  one  of  these  five  classes. 
And  yet  it  can  hardly  be  doubted  that  periodides  and  perbrom- 
ides of  other  salts  than  hydriodides  and  hydrobromides  respec- 
tively, are  capable  of  existence.  I  have  not  been  able  to  find 
any  reports  upon  periodides  in  which  either  hydrochloric  or 
hydrobromic  acid  has  exactly  the  same  function  as  hydriodic 
acid  has  in  the  simple  periodides.  Such  derivatives  can  only  be 
prepared  when  precautions  are  taken  to  strictly  insure  the 
absence  of  hydriodic  acid  during  the  preparation  of  the  periodide, 

I  Dafert,  M<matsh,  CMem,,  4*  509,  /88j ;  Prescott  and  Trowbridge :  This  Journal,  17, 865. 

*  Grimauz,  1882 :  Bull,  Soc.  Chim.,  58, 134. 

*  Dittmar,  j895  :  Ber.  d.  ckem.  Gts.^  z8.  163. 

*  Pictel  and'Krafft :  loc.  eit.,  73. 

^Jdrgenson,  1S76  :  J.  prakt.  Ckem.  [3],  14,  313,  356;  15.  £;^. 
•Grimaux  :  BulL  Soc.  Chim.t  38, 137, 1882. 
1  Ber.  d.  ckem.  Gcs.^  19,  3766, 1886. 
^Ann,  Ckem.  (Uebig),  131,360. 
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aud  this  has  never  been  the  case  in  the  methods  that  have 
hitherto  been  employed  for  that  purpose.  In  the  following 
pages  will  be  found  a  description  of  such  periodides  of  caffeine, 
which  have  been  obtained  by  a  method  different  from  those  that 
have  been  described.  The  compounds  have  all  been  prepared 
by  substituting  chloroform  for  alcohol  as  the  medium  of  reac- 
tion, thus  eliminating  the  action  of  iodine  upon  alcohol  at  higher 
temperatures,  and  the  subsequent  formation  of  hydriodic  acid. 
Not  only  periodides,  but  perbromides  of  similar  composition  and 
constitution  have  been  prepared  by  this  method.  The  method 
is,  indeed,  of  very  general  application  for  such  purposes.  Perio- 
dides of  hydrobromides  and  hydrochlorides  of  the  following 
bases  have  thus  been  obtained  :  Quinine,  quinidine,  cinchonine, 
cinchonidine,  strychnine,  brucine,  atropine  and  quinoline  (of 
the  hydrobromide  only). 

It  has  been  said  of  the  periodides  that  *'if  the}'  contain,  as 
their' behavior  has  been  interpreted  to  imply,  for  ever)'  atom  of 
iodine  that  is  linked  to  the  base,  a  number  of  atoms  of  iodine 
linked  only  to  iodine,  they  offer  a  striking  example  of  the  influ- 
ence of  a  basal  group  upon  iodine  atoms  to  which  it  is  not 
linked.*'*  This  naturally  suggested  the  question,  whether  this 
influence  is  or  is  not  proportional  to  the  basal  power  of  the 
group;  in  other  words,  is  the  number  of  iodine  atoms  thus 
attached  under  given  conditions,  an  index  of  the  basic  power  of 
the  different  bases  ?  Again,  we  might  ask  whether  the  same 
influence  is  exerted  in  the  same  degree  upon  bromine.  And 
furthermore,  we  might  inquire,  in  how  far  does  the  nature  of  the 
halogen  acid  modify  the  influence  of  the  base  upon  the  "  perio- 
dine,*'  or  "  perbromine?  "  The  following  pages  give  an  account 
of  such  a  comparative  study  of  perhalides  of  one  base,  caffeine. 

II.    PBKIODIDES  OP   CAPPBINB. 

Caffeine  Hydriodide  Diiodide,  C,H..N,0,.HI.I,.— Tilden  re- 
ported  in  1865,*  that  when  a  solution  of  caffeine  in  dilute  alco- 
hol, containing  some  hydriodic  acid,  is  exposed  to  sunlight, 
there  appears  in  a  few  days  a  deposit  of  beautiful  crystals,  with 
a  metallic  greenish  appearrnce,  unstable,  readily  decomposing 

1  Pretcott,  189s  :  This  Joamal,  17,  775. 
s/.  Clum.  Sx..  18,  99. 
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even  at  the  water-bath  heat.  He  assigned  to  the  compound  the 
formula  (C,Hj,N^0,.HI.I,),.3H,0,  and  this  agrees  closely  with 
the  results  of  his  analysis.  In  repeating  the  experiment,  I  find 
that  under  certain  conditions  a  diiodideis  formed,  but  the  results 
of  my  analysis  show  no  water  of  crystallization.  Again,  the 
diiodide  is  formed  only  when  the  formation  of  the  crystals  is 
tolerably  rapid,  as  when  the  solution  is  kept  in  a  warm  place  and 
exposed  to  direct  light,  conditions  favoring  oxidation  of  hydri- 
odic  acid.  If,  however,  the  liberation  of  iodine  be  very  slow, 
yielding  about  a  half  gram  of  periodide  in  six  or  seven  weeks,  a 
tetraiodide  is  produced.  The  diiodide,  obtained  as  above 
described,  was  filtered  on  a  pump,  washed  with  water  containing 
some  hydriodic  acid,  dried  on  porous  plates  and  finally  over  sul- 
phuric acid  in  vacuo.  The  samples  were  analyzed  for  total 
iodine  and  for  the  **  periodine,'*  or,  as  Tilden  calls  it,  the 
''exterior"  iodine.  The  first  is  estimated  b}'  suspending  a 
weighed  sample  in  water,  treating  with  a  solution  of  sulphur 
dioxide,  then  precipitating  with  silver  nitrate  and  nitric  acid. 
The  **periodine*'  is  estimated  by  titrating  with  a  standard  solu- 
tion of  sodium  thiosulphate.  The  difference  between  the  total 
and  ** exterior**  iodine  is  that  which  corresponds  to  the  hydri- 
odic acid.  Two  independent  samples  thus  prepared  gave  the 
following  results  : 

Calculated  for  Found. 

CsH|,N40,.HI.I,.        I.  II. 

Total  iodine 66.06  65.12  64.29 

Periodine 44*04  44.04  44.18 

The  diiodide  consists  of  long  hexagonal  prisms,  with  a  metal- 
lic greenish  luster.  It  decomposes  readily  when  moist,  but  is 
quite  stable  when  dry.  When  suspended  in  water  the  crystals 
lose  their  luster  and  become  coated  with  a  brown-red  layer  of 
the  tetraiodide.  It  is  soluble  in  warm  alcohol  with  decomposi- 
tion, insoluble  in  ether  and  chloroform.     It  melts  at  171^  C. 

Cajfnne  Hydriodide  Tetraiodide,  C,H.,N,0,.HI.I,.— Thisisthe 
periodide  which  caffeine  usually  forms  when  it  forms  any  at  all, 
except  as  above  described.  It  is  the  most  stable  periodide  of 
caffeine,  and  is  formed  under  many  different  conditions,  in  both 
the  amorphous  and  crystalline  state.  It  has  been  obtained  b}'' 
the  following  methods : 
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1.  When  a  solution  of  caffeine  is  treated  with  a  solution  of 
iodine  in  potassium  iodide  (Wagner's  reagent),  there  is  no  visi- 
ble reaction.  On  the  addition  of  some  mineral  acid,  a  heavy 
amorphous  dark-red  precipitate  is  at  once  thrown  down.  The 
precipitation  of  caffeine  in  this  way  is  quantitative,  and  forms 
the  basis  of  a  method  for  the  estimation  of  caffeine.'  The  com- 
position of  this  precipitate  is,  as  I  have  fully  described,* 
CgH^N^Oj.HI.I^.  It  was  obtained  for  analysis  in  many  differ- 
ent ways  by  varying  the  relative  quantities  of  the  reagents 
employed,  but  it  has  always  proven  to  be  of  the  same  composi- 
tion. The  samples  for  analysis  were  obtained  by  filtering  the 
amorphous  precipitate  on  a  pump,  washing  with  water  to  remove 
the  potassium  salts,  drying  rapidly  on  porous  plates,  and  finally 
in  vacuo  over  sulphuric  acid.  The  following  are  the  results  of 
analysis  : 

Calculated  for  Found. 

CaH,sN40,.HI.l4.       I.  TI.  III.  Vf. 

Total  iodine 76.43  75-1^        75-^        75-84  •••• 

Periodine 61.15  60.79        60.11        60.81        60.76 

2.  When  caffeine  is  dissolved  in  chloroform  and  is  treated 
with  a  solution  of  iodine  also  in  chloroform,  no  formation  of  any 
periodide  could  be  noticed,  even  when  the  mixture  is  allowed  to 
stand  for  weeks.  If  into  this  solution  dry  hydriodic  acid  gas  be 
now  passed,  there  is  at  once  precipitated  an  amorphous  dark-red 
periodide,  identical  in  composition  with  that  described  under 
I .     Upon  analysis  it  gave  the  following  figures : 

Per  cent. 

Total  iodine 75*i4 

Periodine • 60.23 

3.  When  a  solution  of  caffeine  in  hydriodic  acid  is  exposed  to 
sunlight,  but  the  liberation  of  iodine  is  hindered  either  by  low 
temperature,  or  the  presence  of  some  reducing  agents  in  the 
solution,  then  the  crystals  that  are  formed  have  the  composition 
of  the  tetraiodide,  and  not  that  of  diiodide.  They  also  have  a 
different  appearance,  being  short  prisms  of  a  deep  blue  color. 
Several  samples  obtained  in  this  way  furnished  the  following 
figures : 

1  This  Journal,  18,  ^i. 
^Loc.cii. 
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I.  n.  ni.  IV. 

Total  iodine ••••  ....  ....  y^, 1 1 

Periodine 60.26  59.86  59.75  60.60 

4.  When  either  caffeine  hydrobromide  dibromide  or  tetrabromide 
is  triturated  with  a  solution  of  potassium  iodide  in  water,  there  is 
again  produced  the  same  amorphous  periodide.  It  gives  upon 
analyses  59.90  per  cent,  of  ** exterior"  iodine. 

These  four  different  methods  show  the  great  tendency  of 
caffeine  to  form  the  higher  periodide,  which  is  apparently  more 
stable  than  the  the  diiodide.  Weak  base  as  it  is,  caffeine  readily 
forms  a  higher  periodide  than  is  produced  under  similar  condi- 
tions by  many  other  organic  bases. 

Properties. — The  periodide  in  the  amorphous  state  and  when 
dry,  is  of  a  dark  blue-red  color.  It  is  quite  stable  when  dry, 
and  can  be  heated  at  100^  C.  for  many  days  without  any  appre- 
ciable loss  of  iodine.  When  mOist  it  readily  gives  off  iodine. 
Suspended  in  water,  it  gives  up  sufficient  iodine  to  saturate  the 
liquid,  and  after  that  remains  unchanged.  A  solution  of  potas- 
sium iodide  removes  only  a  little  more  iodine  than  pure  water 
alone.  The  periodide  cannot  be  recrystallized  from  alcohol 
without  considerable  decomposition  into  caffeine  and  iodine.  It 
is  more  soluble  in  methyl  alcohol,  and  if  not  too  much  heat  be 
ttsed  in  dissolving  it,  the  periodide  can  be  obtained  unchanged 
on  spontaneous  evaporation  of  the  alcohol  in  the  form  of  dark- 
blue  needles.  Ethyl  acetate  is,  however,  the  best  solvent  for 
this  periodide,  as  the  latter  dissolves  in  acetic  ether  without 
decomposition,  even  when  heated.  On  cooling,  the  periodide 
separates  in  fine  compact  crystals.  It  is  insoluble  in  chloroform, 
ether,  benzene  and  carbon  disulphide.     It  melts  at  215"  C. 

Caffeine  Hydrobromide  Tetraiodide^  C,H,oN^O,.HBr.I^. — Caf- 
feine fomis  with  hydrobromic  acid  a  salt  of  the  following  com- 
position, C,H,,N,0,.HBr  +  2H,0.*  The  salt  can  best  be 
obtained  in  the  pure  state  by  passing  dry  hydrobromic  acid  gas 
into  a  solution  of  caffeine  in  chloroform.  The  white  crystalline 
precipitate  is  filtered,  washed  with  chloroform  and  dried  in  an 
atmosphere  free  from  moisture.  Thus  prepared  it  has  the  com- 
position CgHj.N^Oj.HBr.     The  periodide  of  this  hydrobromide 

^  B.  Schmidt,  1881 :  Ar.  d,  chem,  Ges.,  14,  815. 
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can  onl}'  be  prepared  in  the  absence  of  other  halogen  acids, 
especially  of  hydriodic  acid.  Therefore  the  addition  of  iodine 
as  a  solution  in  potassium  iodide,  to  a  solution  of  caffeine  hydro- 
bromide,  is  out  of  the  question,  as  in  such  a  case  the  periodide  of 
the  hydriodide  will  be  formed.  Nor  can  alcohol  be  successfully 
employed  as  a  solvent  for  iodine,  because  this  will  furnish  hydri- 
odic acid,  and  also  because  the  periodide  of  the  hydrobromide 
itself  is  more  or  less  dissociated  by  alcohol.  This  periodide  is, 
however,  readily  obtained  when  a  slow  stream  of  dry  hydro- 
bromic  acid  gas  is  led  into  a  solution  of  caffeine  and  iodine  in 
chloroform.  The  addition  of  the  acid  must  be  very  slow,  and 
care  must  be  taken  to  have  the  iodine  in  excess,  otherwise  the 
pure  hydrobromide,  or  lower  periodides  of  it  will  be  thrown  down 
together  with  the  tetraiodide.  In  such  cases  redigesting  the 
mixed  periodides  in  a  fresh  solution  of  iodine  in  chloroform  con- 
verts them  into  the  tetraiodide.  Further  digestion  shows  no 
absorption  of  iodine.  The  periodide  is  filtered,  washed  with 
chloroform  to  remove  the  excess  of  caffeine  or  iodine,  as  the  case 
ma}'  be,  dried  on  porous  plates,  and  finally  in  a  desiccator.  The 
**  exterior  '*  iodine  is  estimated  by  titration  with  sodium  thiosul- 
phate.  The  bromine  is  found  by  subtracting  from  the  total 
mixture  of  silver  halides,  as  obtained  by  precipitation  with  silver 
nitrate,  the  quantity  of  silver  iodide  corresponding  to  the 
*  *periodine'  *  as  found  by  titration.  This  difference  represents  the 
amount  of  silver  bromide.  The  accuracy  of  this  method  was 
tested  in  several  instances  by  actually  estimating  the  amount  of 
silver  as  such  in  the  precipitate  of  the  mixed  halides,  and  from 
this  the  relative  proportions  of  the  two  halogens  were  calculated. 

The  analysis  of  several  samples  furnished  the  following 
figures : 

Calculaled  for  Pound. 

CBH,oN40j.HBr.l4.        I.  II.  HI. 

lodiue 64.79      '     63.56  63.91  62.28 

Hydrobromine 10.37  963  •  •  •  •  .... 

This  periodide  is  usually  obtained  as  an  amorphous  powder. 
But  when  the  addition  of  hydrobromic  acid  is  very  slow,  it  can 
be  obtained  in  microscopic  crystals.  It  is  of  a  dark-brown 
chocolate  color,  and  melts  at  183**  C.     It  is  decomposed  by  water 
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btft  slowly,  more  readily,  however,  than  the  corresponding 
bydriodide.  It  dissolves  readily  in  alcohol,  with  considerable 
decomposition.  It  is  more  soluble  in  methyl  than  in  ethyl  alco- 
hol, and  also  with  less  decomposition.  On  evaporating  the 
methyl  alcohol  the  tetraiodide  can  be  obtained  in  brown  crystals. 
It  can  also  be  recrystallized  from  ethyl  acetate.  Ether  removes 
considerable  iodine,  and  chloroform,  hot  or  cold,  does  not  afiFect  it. 
On  exposure  to  air  the  periodide  gradually,  but  slowly,  loses 
iodine,  and  hardly  any  if  protected  from  moisture.  By  heating 
to  lOo**  C.  the  iodine  can  be  driven  ofif  completely.  Thus  this 
periodide  is  in  all  respects  a  less  stable  compound  than  the  cor- 
responding tetraiodide  of  caffeine  hydriodide. 

Caffeine  Hydrochloride Diiodide,  C,H„N,0, .  HCl .  I, .—Caffeine  is 
capable  of  uniting  with  hydrochloric  acid  under  certain  condi- 
tions, and  the  salts  have  been  assigned  the  following  composi- 
tion: C,H„N,0,.HC1  +  2H,0  and  C,H..N,0,-2HC1.*  Pure  caf- 
feine  hydrochloride  is  however  much  easier  obtained  by  simply 
passing  dry  hydrochloric  acid  gas  into  a  solution  of  caffeine  in 
chlproform.  Washed  with  chloroform,  and  dried  in  an  atmos- 
phere free  of  moisture,  it  has  the  composition  C,H,,N^O,.HCl. 

Compounds  containing  both  chlorine  and  iodine  have  been 
reported  before.  Tilden'  obtained  a  chloriodide  of  caffeine  by 
the  action  of  chloride  of  iodine  upon  caffeine.  It  combines  with 
acids  to  form  salts,  and  Tilden  assigns  to  it  the  composition 
C,H„N,0,.C1,I,  or  C.H,,N,0JC1.HC1.  But  from  Dittmar's* 
latest  reports  upon  the  action  of  chloride  of  iodine  upon  bases  in 
general,  the  caffeine  compound  most  likely  has  the  composition 
as  expressed  by  the  second  formula.  The  periodide  presently 
to  be  described  is  however  the  first  periodide  of  caffeine  wherein 
the  hydrochloric  acid  has  the  same  function  in  the  molecule  as 
hydriodic  acid  usually  has  in  the  other  periodides.  And,  to  my 
knowledge,  this  is  the  first  periodide  of  its  kind  ever  reported  of 
any  base.  The  **periodine''  in  the  hydrobromide  is  linked  to 
the  nitrogen  through  the  bromine,  in  the  periodides  of  the 
hydrochloride  it  is  linked  through  the  chlorine. 

Caffeine  hydrochloride  diiodide  is  prepared  by  passing  hydro- 

1 B.  Schmidt :  Ber.  d.  chem,  Ges.,  14,  815. 
<y.  Chem.  Soc.,  xg,  145. 
s  Ber,  d.  dUm,  Gts.^  xl,i63. 
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IV. 

V. 
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52.88 

53.64 

7.40 

•  •  •  • 

•  ■  •  • 
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chloric  acid  gas  into  a  solution  of  caffeine  into  chloroform  con- 
taining iodine.  The  periodide  separates  almost  immediately  in 
the  form  of  compact,  small,  crystalline  granules,  of  light-brown 
to  brown  color.  The  samples  for  analysis  were  prepared  simi- 
larly to  the  other  periodides  dlsscribed,  and  furnished  the  follow- 
ing results : 

Calculated  for 
CtBi«N«0,.HCl.Ia. 

I 52.34 

HCl 7-53 

The  periodide  is  of  a  light  brown  color,  crystalline,  and  melts 
at  165''  C.  Digested  with  excess  of  iodine  for  several  days,  it 
refuses  to  take  up  any  more  iodine.  It  is  rapidly  decomposed  by 
water.  Both  methyl  and  ethyl  alcohol  remove  the  iodine  readily 
and  completely,  leaving  a  white  powder  of  caffeine  hydro- 
chloride. The  periodide  is  soluble  in  ethyl  acetate  with 
partial  decomposition,  is  insoluble  in  either  cold  or  hot  chloro- 
form, and  is  not  affected  by  ether.  Exposed  over  potassium 
hydroxide  in  a  desiccator  it  remains  unchanged,  but  slowly  loses 
iodine  when  exposed  to  air  not  freed  from  moisture.  On  heating 
to  100^  C.  all  the  iodine  is  driven  off.  Thus  in  all  its  properties 
it  is  even  less  stable  than  the  periodide  of  caffeine  hydrobromide. 

III.    PBRBROMIDBS  OP  CAPPHINB. 

The  action  of  bromine  upon  caffeine  has  been  the  subject  of 
investigation  many  times.  When  pure  bromine  is  employed,  in 
absence  of  water,  the  final  action  of  bromine  results  in  the  for- 
mation of  a  substitution  product,  bromocaffeine,  C,H,BrN«0,.* 
In  presence  of  water  the  action  of  bromine  upon  caffeine  is  for 
the  most  part  that  of  an  oxidizing  agent,  as  has  been  shown  by 
Maly  and  Hinteregger.*  But  under  whatever  conditions  bro- 
mine is  added  to  a  solution  of  caffeine  or  to  the  dry  base,  be  it 
as  bromine-water  or  pure  bromine,  there  is  at  first  thrown  down 
an  orange-red  to  a  brick-red  precipitate.  According  to  Maly 
and  Hinteregger's  results  of  analysis  it  is  a  mere  addition  prod- 
uct, caffeine  dibromide,  and  £.  Fisher'  expresses  the  same  opin- 
ion.    The  constitution  of  the  compound  is  presumably  this  : 

1 0.  Schultxen  :  ZUckr.  Chem.,  1867,  614 ;    %.  Fisher  -.Ann.  Ckem.  (Liebig),  ais,  364. 
S  Monatsk.  CAem,,  3,  85,  /88i, 
•  Ann.  CAem.  (Liebig),  215,  264. 
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N.CH.— CH 

/  I 

CO  C.Br— N.CH,. 

\  f  )co 

N.CH,— C—  N  ^ 

I  have  subjected  caffeine  to  the  action  of  bromine  under  many 
varied  conditions,  but  in  no  case  have  I  been  able  to  obtain  this 
addition  product.  Indeed,  as  will  be  shown,  its  existence  is  en- 
tirely hypothetical.  Although  Maly  and  Hinteregger's  results 
of  analysis  agree  with  the  theoretical  figures  of  the  formula 
assigned  by  them  to  the  compound,  yet  their  method  of  obtain- 
ing and  purifying  the  substance  for  analysis  is  such,  as  to  pre- 
clude the  reliability  of  the  results  of  analysis.  The  addition 
compound  will  be  shown  to  have  the  composition  C,H„N^O,- 
HBr.Br^,  and  not  C,H„N^O,.Brj.  This  perbromide  loses  a  por- 
tion of  its  bromide  quite  readily;  consequently,  it  must  be 
analyzed,  or  at  least  protected  from  exposure,  as  soon  as  dry. 
Hence,  Maly  and  Hinteregger's  results,  obtained  upon  samples 
which  have  been  previously  exposed  over  lime  in  a  desiccator 
for  several  weeks,  cannot  furnish  reliable  data  as  to  the  compo- 
sition of  the  original  substance.  Just  as  under  the  action  of 
iodine  in  presence  of  hydriodic  acid,  caffeine  exhibits  a  great 
tendency  to  form  higher  periodides,  so  under  the  action  of  bro- 
mine it  always  forms  the  tetrabromide  of  the  hydrobromide. 
This  takes  place  whether  hydrobromic  acid  be  added  as  such 
or  not.  When  none  is  added,  some  h3'drobromic  acid  is  pro- 
duced, either  by  the  action  of  bromine  upon  water  or  by  the 
direct  action  upon  caffeine, 

C,H,,N,0,  +  Br,  =  C,H,BrN,0,  +  HBr. 

It  is  only  under  special  conditions  that  lower  perbromides  of 
caffeine  are  obtained. 

Caffeine  Hydrobromide  Tetrabromide^  C.Hj^N^Oj.HBr.Br^. — 
Whenever  bromine  is  allowed  to  act  upon  caffeine,  this  perbro- 
mide is  one  of  the  first  products  of  the  reaction,  if  not  the  only 
one.  It  is  produced  in  presence  or  in  absence  of  hydrobromic 
acid,  in  presence  of  water,  of  chloroform,  or  when  pure  bro- 
mine is  employed. 
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I .  In  Presence  of  Water, — When  bromine-water  is  gradually 
added  to  a  solution  of  caffeine  acidulated  with  hydrobromic 
acid,  there  is  produced  a  yellow  amorphous  precipitate,  which 
becomes  darker  and  more  compact ;  also,  if  the  addition  of  bro- 
mine be  very  gradual,  the  precipitate  becomes  crystalline.  The 
same  compound  is  however  obtained  easier,  and  more  crystal- 
line, by  the  following  method  of  procedure :  A  stream  of  carbon 
dioxide  is  allowed  to  bubble  through  a  column  of  p^re  bromine, 
and  the  fumes  of  the  latter,  greatly  diluted  with  carbon  dioxide, 
are  carried  into  a  solution  of  caffeine  containing  some  hydro- 
bromic acid.  As  the  bromine  first  reaches  the  solution,  the 
bubble  of  the  gas  becomes  surrounded  with  a  pale-yellow  film, 
which  soon  grows  darker,  and  the  product  finally  settles  to  the 
bottom  as  an  orange-red  crystalline  deposit,  consisting  of  dis- 
tinct small  prisms.  If  the  bromine  fumes  be  passed  into  the 
solution  too  rapidly,  the  resulting  product  is  am6rphous.  One 
gram  of  caffeine  furnishes  by  this  method  two  and  three-tenths 
grams  of  the  perbromide,  which  is  about  eighty  per  cent,  of  the 
theoretical  value.  The  samples  for  analysis  were  filtered,  by  the 
use  of  a  pump,  washed  with  weak  bromine- water,  and  dried  by 
pressing  on  very  porous  plates.  When  dry,  in  about  two  hours, 
the  upper  layer  of  the  mass  is  removed,  and  the  rest  is  put  away 
in  small  glass-stoppered  bottles,  where  it  remains  unchanged  for 
weeks.  The  washing  and  drying  should  not  be  prolonged  any 
more  than  is  necessar}',  as  the  compound  loses  bromine  readily, 
especially  when  moist  and  exposed  to  open  air.  The  samples 
were  analyzed  for  the  '*  exterior"  bromine  and  for  total  bromine. 
The  first  was  estimated  by  suspending  a  weighed  quantity  of 
the  sample  in  a  solution  of  potassium  iodide,  and  the  iodine  thus 
liberated  is  titrated  with  a  standard  solution  of  sodium  thiosul- 
phate.  The  total  bromine  was  estimated  by  precipitation  with 
silver  nitrate,  in  a  manner  entirely  similar  to  that  employed  in 
the  estimation  of  total  iodine  in  the  periodides.  Several  sam- 
ples, prepared  separately,  gave  the  following  results  : 

Calculated  for  Pound. 

C«H|oN,Oa.HBr.Br4.  I.  II.  III.  IV.  V.  VI. 

Total  bromine 67.23  67.37    65.74    67.89 

"Perbromine" 53.78  54.00    52.07    54.04    54.18    53.11    52.58 

The  addition  of  hydrochloric  acid  or  sulphuric  acid,  instead  of 
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the  hydrobromic,  does  not  give  perbromides  of  salts  of  these 
acids,  but  the  same  perbromide  of  the  hydrobromide  of  caffeine. 
The  same  product  is  obtained  even  if  no  acid  whatever  be 
added.  Thus,  when  fumes  of  bromine,  absolutely  free  from 
hydrobromic  acid,  are  passed  into  a  solution  of  caffeine,  there 
appears  after  a  short  time  a  precipitate  of  exactly  the  same 
appearance  and  composition  as  the  perbromide  described  above. 
The  precipitation  is  much  slower  than  when  hydrobromic  acid 
is  present,  nor  is  the  yield  so  large.  One  gram  of  caffeine 
yields  from  two-tenths  to  three-tenths  gram  of  the  perbromide, 
which  is  only  about  eight  to  ten  per  cent,  of  the  theoretical 
value.  Samples  for  analysis,  prepared  as  previously  described, 
gave  the  following  figures : 

I.  II.  III. 

Total  bromine ^S'9^  •  ■  •  •  •  •  •  • 

'*  Perbromine  ** 52.57  53.27  54.75 

This  is  undoubtedly  the  same  perbromide  as  obtained  in  pres- 
ence of  hydrobromic  acid.  The  slow  precipitation  and  the  small 
yield  point  conclusively  that  a  large  portion  of  the  caffeine  suf- 
fers some  other  changes,  namely,  those  of  oxidation  and  substi- 
tution, either  of  which  would  give  rise  to  hydrobromic  acid. 
The  acid  thus  produced  would  at  once  tend  to  form  the  perbro- 
mide of  the  hydrobromide  of  caffeine.  Filtrates  from  such  per- 
bromides invariably  give  within  a  short  time  bulky  precipitates 
of  the  white  bromocaffeine,  C,H,BrN^O,. 

Great  precautions  were  taken  to  insure  the  absence  of  hydro- 
bromic acid  in  the  bromine  used.  For  this  purpose  the  latter 
was  washed  with  a  solution  of  sodium  hydroxide,  then  with  sul- 
phuric acid,  and  finally  kept  under  a  column  of  sulphuric  acid 
saturated  with  silver  sulphate.  In  some  experiments  the  fumes 
were  also  passed  through  a  second  bottle  containing  sulphuric 
acid  and  silver  sulphate.  But  the  perbromide  of  the  hydrobro- 
mide was  always  produced  even  under  these  conditions. 

Properties, — The  perbromide  consists  of  small  orange-red  pris- 
matic crystals.  It  melts  sharply  at  lyo'^C.  with  previous  decom- 
position into  the  dibromide,  and  finally  decomposes  completely. 
When  suspended  in  water,  it  gives  up  some  of  its  bromine,  and 
then  gradually  and  slowly  changes  into  the  white  bromocaffeine. 


360  M.    GOMBERG. 

■ 

Two  grams  of  the  perbromide  change  in  this  way  completely  in 
about  one  week.  When  spread  out  on  plates  and  exposed  to  air 
for  about  twenty-four  hours,  it  loses  two  atoms  of  bromine,  leav- 
ing a  more  stable  residue,  the  corresponding  dibromide,  which 
suffers  very  little  loss  of  bromine  on  further  exposure.  The 
tetrabromide  is  quite  soluble  in  alcohol,  more  so  when  warm, 
from  which  it  separates,  on  cooling,  in  the  form  of  a  lower  per- 
bromide mixed  with  some  pure  caffeine.  Methyl  alcohol  dis- 
solves the  tetrabromide  very  readily,  with  the  production  of  large 
quantities  of  formic  aldehyde,  and  almost  complete  reduction  of 
the  bromine.  It  dissolves  in  warm  ethyl  acetate,  and  this  on 
evaporation  furnishes  yellow  crystals  of  a  lower  perbromide. 
The  perbromide  is  only  slightly  soluble  in  either  hot  or  cold 
chloroform.  Ether  removes  two  atoms  of  bromine,  leaving 
the  yellow  dibromide  of  caffeine  hydrobromide.  When  heated, 
the  tetrabromide  loses  a  portion  of  its  bromine,  and  finally 
changes  into  bromocaffeine,  especially  at  a  higher  temperature, 
about  i6o'*-i70®  C. 

2.  Adio7i  of  Bromine  in  the  absence  of  Water, — When  a  weak 
solution  of  bromine  in  chloroform  is  added  to  a  solution  of  dry 
caffeine  in  the  same  solvent,  there  appears  after  some  hours' 
standing  a  deposit  of  flaky  crystals.  With  strong  solutions  of 
bromine  the  formation  of  crystals  begins  to  take  place  at  once, 
the  amount  constantly  increasing.  The  mother  liquids,  after 
filtering  off  the  crystals,  give  new  crops  of  the  same  compound. 
It  was  the  compound  thus  produced  that  was  analyzed  by  Maly 
and  Hinteregger,  after  being  allowed  to  stand  several  weeks 
over  lime.  The  perbromide  was  filtered,  washed  with  chloro- 
form containing  bromine,  and  dried  on  porous  plates.  It  was 
found  to  be  identical  in  composition  with  the  one  obtained  sim- 
ilarly but  with  the  previous  addition  of  hydrobromic  acid  gas 
also  dissolved  in  chloroform.  The  analyses  I.  and  II.  are  upon 
samples  obtained  without  the  use  of  hydrobromic  acid,  while 
analyses  III.  and  IV.  are  upon  samples  prepare^l  with  the  addi- 
tion of  the  acid. 

I.  II.  III.  IV. 

Total  bromine 68.35  •••>  ••..  ...• 

Perbromine 52.25  54-79  54'4o  52.82 
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The  perbromide  thus  obtained  is  entirely  identical  in  its 
behavior  towards  different  reagents  and  solvents  with  that 
obtained  by  the  action  of  bromine  upon  ca£Feine  in  presence  of 
water.     It  melts  at  ijd^  C. 

The  question  may  be  asked,  whence  comes  the  hydrobromic 
acid  that  furnishes  the  hydrobromide  of  the  base  ?  The  bromine 
used  in  all  these  experiments  was  carefully  freed  from  any 
hydrobromic  acid  that  might  have  been  originally  present.  The 
chloroform  also  was  dehydrated  for  several  days  over  fused  cal- 
cium chloride,  and  finally  carefully  distilled.  Blank  experi- 
ments with  absolutely  dry  chloroform  (distilled  over  phosphorus 
pentoxide)  have  established  that  there  is  practically  no  absorp- 
tion of  bromine  by  the  chloroform,  when  a  three  per  cent,  solu- 
tion of  the  halogen  in  that  liquid  is  exposed  to  light  for  several 
days.  Therefore,  the  hydrobromic  acid  in  the  reaction  could 
not  have  been  produced  from  the  substituting  action  of  bromine 
upon  chloroform,  a  reaction  which  takes  place  only  at  higher 
temperatures.  Prom  the  rapid  formation  of  the  perbromide 
when  strong  solutions  of  bromine  are  used,  it  may  reasonably  be 
assumed  that  at  least  a  portion  of  the  hydrobromic  acid,  if  not 
all  of  it,  must  have  been  produced  directly  as  one  of  the  prod- 
ucts of  the  substituting  action  of  bromine  upon  caffeine  itself,  thus: 

C.H,.N  A  -f  Br.  =  C.H.BrN  A  +  HBr. 

Additional  proof  to  this  theory  is  lent  by  the  fact  that  by  frac- 
tional precipitation,  products  are  eventually  obtained  which  give 
somewhat  higher  results  for  total  bromine,  while  the ''perbro- 
mine ' '  is  about  the  same.  This  would  point  towards  the  forma- 
tion of  C,H,BrN^O,.HBr.Br,,  a  compound,  the  description  of 
which  will  be  given  further  on.  The  last  crops  of  crystals  show 
also  a  lower  melting  point,  i50°-i56*'  C.  ;  and  when  the  crystals 
are  suspended  in  water  and  treated  with  sulphurous  acid,  they 
yield  besides  caffeine  an  insoluble  precipitate  of  the  white  bromo- 
cafieine. 

3.  Action  of  Pure  Bromine. — When  dry  caffeine  is  slowly 
added  to  pure  bromine  the  first  portions  go  into  solution,  but 
further  addition  produces  a  dark-red  insoluble  mass,  which  was 
supposed  by  Maly  and  Hinteregger,  and  by  E.  Fisher,  to  be  the 
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caffeine  dibromide,  CjH^N^Oj.Br,.  It  is,  however,  not  that,  but 
the  same  tetrabromide  of  caffeine  hydrobromide  just  described, 
mixed  with  a  similar  perbromide  of  bromocafieine. 

Dry  caffeine  was  slowly  added  to  a  large  excess  of  bromine 
free  from  hydrobromic  acid,  and  the  mixture  was  allowed  to 
stand  six  hours.  The  thick  dark  mass  was  then  spread  out  on 
porous  plates,  and  allowed  to  remain  over  lime  for  three  days. 
It  was  then  divided  into  three  portions  :  (a)  was  analyzed  at 
once,  (b)  was  washed  with  chloroform,  and  (c)  was  again  redi- 
gested  in  pure  bromine.     The  results  of  analysis  are  as  follows : 

a. 

Total  bromine 69.45 

Perbromine 53-S8 

On  treatment  with  reducing  agents  there  is  left  a  slight  resi- 
due of  the  insoluble  bromocafieine,  and  its  formation  would 
readily  account  for  the  high  results  of  total  bromine.  The  reac- 
tion then  in  this  case  is  the  same  as  when  chloroform  is  em- 
ployed. A  small  portion  of  the  caffeine  is  at  once  attacked  by 
the  bromine  and  forms  bromocaffeine  and  hydrobromic  acid. 
The  acid  at  once  unites  with  the  unchanged  caffeine  and  forms 
the  insoluble  perbromide,  thus  protecting  it  against  further 
direct  action  of  bromine  ;  then  the  bromocaffeine  is  in  its  turn 
slowly  changed  into  a  similar  perbromide. 

So  far,  then,  as  experimental  evidence  goes,  the  caffeine  dibro- 
mide, CpH,aN^O,.Br„  is  entirely  h5'pothetical.  It  may  still  be 
said  that  the  evidence  does  not  exclude  the  possibility  that  only 
two  atoms  of  bromine  go  to  form  the  perbromide,  while  the  other 
two  atoms  are  retained  by  caffeine  through  the  unsaturated  lin- 
ing between  the  two  carbon  atoms.  Against  this  view  there 
stands  the  simple  fact  that  iodine,  even  in  dilute  solutions  in 
water,  forms  the  analogous  tetraiodide.  It  is  hardly  probable 
that  iodine  would  attach  itself  so  readily  to  carbon.  Then  again, 
no  assimilation  of  either  bromine  or  iodine  by  caffeine  takes 
place  unless  some  acid  be  present.  Hence,  the  constitution  of 
this  perbromide  must  be  analogous  to  that  of  the  periodide,  /.  ^.1 
it  is  a  pure  and  simple  caffeine  hydrobromide  tetrabromide. 

Caffeine  Hydrobromide  Dibromide,  CJl,,li^fi^.nBr.l^T^.—V^htVL 

the  tetrabromide  is  exposed  to  air  it  loses  bromine,  and  after 
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twenty-four  to  fony  hours  there  is  left  a  yellow  amorphous  pow- 
der, which  is  tolerably  stable  and  can  be  further  exposed  for 
many  days  without  any  appreciable  loss  o£  bromine.  The 
results  of  analysis  show  this  to  be  caffeine  hydrobromide  dibro- 
mide.  The  same  compound  is  obtained  by  treating  the  tetra- 
bromide  with  anhydrous  ether.  Samples  of  the  tetrabromide 
were  finely  powdered  under  ether,  and  the  digestion  with  ether 
was  continued  until  fresh  portions  of  the  solvent  showed  no  color- 
ation when  added  to  the  perbromide.  The  yellow  residue  was 
filtered,  washed  with  ether,  and  dried  by  exposure.  It  is  iden- 
tical in  composition  and  properties  with  that  obtained  by  simple 
exposure  of  the  tetrabromide.  Analyses  I,  II,  and  III  are  upon 
samples  obtained  by  exposing  the  tetrabromide  to  air.  Analy- 
ses IV  and  V  are  upon  samples  obtained  by  treatment  with 
ether. 

Calculated  for  Pound. 

C«Hi,N«0,.HBr.Br,.        I.  II.  III.         IV.  V. 

Total  bromine. ••  55.17  ....     53.45      ....     54-99      •••• 

Perbromine 36.78  36.48    35.50    35.93    36.87    35.83 

The  dibromide  ranges  in  color  from  pale-yellow  to  a  decided 
yellow.  It  is  amorphous,  and  melts  at  170*^  C.  When  sus- 
pended in  water  it  turns  orange- red,  and,  as  analysis  shows,  is 
changed  into  the  tetrabromide.  It  is  soluble  in  ethyl  alcohol 
with  less  decomposition  than  the  higher  perbromide.  On  cool- 
ing the  alcohol  it  separates  in  distinct  tetrahedral  crystals,  con- 
taining less  bromine  than  the  original  compound  (total  =  42.50 
per  cent. ,  and '  'exterior' '  bromine  27.8  per  cent. )  Methyl  alcohol 
dissolves  the  dibromide  even  more  readily  than  ethyl  alcohol, 
also  with  less  decomposition  than  it  does  the  higher  perbromide. 
It  is  slightly  soluble  in  ethyl  acetate,  insoluble  in  chloroform 
and  ether.  It  remains  tolerably  permanent  when  heated  to  100** 
C,  but,  on  prolonged  heating,  or  at  higher  temperature,  it  is 
rapidly  converted  into  bromocaffeine. 

Caffeine  Hydrochloride  Tetrabromide,  C,H,.N,0,.HCl.Br,.— 
The  preparation  of  this  perbromide  requires  many  precautions, 
for  otherwise  the  product  is  impure,  being  mixed  with  the  per- 
bromide of  the  hydrobromide.  First  of  all,  the  bromine  must 
be  perfectly  free  from  hydrobromic  acid,  and  the  chloroform 
must  be  free  from  alcohol  and  moisture.     Second,  a  dilute  solu- 
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tion  of  bromine  must  be  employed,  so  dilute  that  the  addition  of 
it  to  caffeine  should  produce  no  precipitation  of  the  perbromide 
of  caffeine  hydrobromide  within  at  least  one-half  hour.  When 
all  these  conditions  are  observed,  the  perbromide  of  the  hydro- 
chloride is  readily  obtained  by  passing  a  stream  of  dry  hydro- 
chloric acid  gas  into  a  dilute  solution  of  caffeine  and  bromine  in 
chloroform.  It  separates  in  compact  red  crystals.  The  acid 
must  be  passed  into  the  solution  very  slowly  to  prevent  the  for- 
mation of  pure  caffeine  hydrochloride  ;  care  must  also  be  taken 
to  replace  the  bromine  as  it  is  gradually  being  used  up,  avoid- 
ing, however,  a  large  excess  of  it  at  any  time.  The  substitu- 
tion of  carbon  tetrachloride  for  chloroform  will  not  answer,  for 
although  caffeine  is  so  readily  soluble  in  the  latter,  it  is  almost 
insoluble  in  the  former.  Samples  were  washed  with  chloroform, 
dried  in  the  usual  manner,  and  analyzed  for  the  exterior  bro- 
mine and  for  hydrochloric  acid.  The  latter  was  estimated  by 
subtracting  from  the  total  weight  of  the  mixed  silver  halides 
the  quantity  of  silver  bromide  corresponding  to  the  bromine  as 
found  by  titration  with  sodium  thiosulphate.  The  analysis  fur- 
nished the  following  figures : 

Calculated  for  Pound. 

C8H,oN40,.HCl.Br4.  I.  II.  III. 

Bromine 58.14  56.75        56.70        56.00 

HCl  ••••• • 6.61  6.9S  ....  .... 

This  compound  is  of  a  somewhat  lighter  color  than  the  corres- 
ponding hydrobromide.  The  crystals,  when  examined  under 
the  microscope,  present  the  appearance  of  the  distinct  prisms. 
The  perbromide  melts  at  149**  C.  sharp.  Suspended  in 
water,  it  remains  unchanged  for  a  time,  then  decomposes,  and 
finally  yields  bromocaffeine.  Methyl  and  ethyl  alcohol,  as  well 
as  ether,  convert  it.  into  caffeine  hydrobromide  dibromide. 
Exposed  to  air,  it  loses  bromine  more  rapidly  than  the  corres- 
ponding tetrabromide  of  the  hydrobromide.  On  gentle  warm- 
ing for  two  or  three  days  it  still  retains  a  decidedly  yellow  color. 

IV.    PERHALIDES  OF  CHLOROCAFFEINE. 

It  appears  from  the  results  which  have  been  presented  that 
caffeine,  although  a  weak  base,  forms  tolerably  stable  and  rather 
high  perhalides.     I  have  next  attempted  to  prepare  perhalides 
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of  chloro-  and  bromocaffeine,  and  compare  these  with  those  of 
caffeine  itself.  One  would  judge,  a  priori,  that  the  introduc- 
tion of  such  strong  negative  elements  as  chlorine  and  bromine  into 
a  weak  base,  would  greatly  weaken  its  tendency  to  form  per- 
halides.  And  yet,  experience  shows  that  the  halogen  substitu- 
tion derivatives  of  caffeine  are  still  capable  of  forming  definite 
salts,  and  that  they  also  form  even  higher  perhalides  than  caf- 
feine itself. 

Chlorocaffeine  Hydriodide,  C,H,C1N,0,.HI.— This  salt  can  only 
be  prepared  in  absence  of  water.  Clorocaffeine,  prepared  accord- 
ing to  E.  Fisher's*  method,  is  dissolved  in  chloroform,  and  a 
stream  of  dry  hydriodic  acid  gas  is  passed  into  the  solution.  The 
salt  soon  separates  in  the  form  of  white  heavy  crystals.  These 
are  filtered,  washed  with  chloroform,  dried  first  by  exposure 
and  finally  over  solid  potassium  hydroxide.  The  acid  was  esti- 
mated by  suspending  a  weighed  quantity  in  water  and  titrating 
with  a  twentieth-normal  solution  of  potassium  hydroxide, 
using  phenolphthalein  as  an  indicator. 

Calculated  for 
CbH«C1N40,.HI.  Pound. 

HI 35.82  35.69 

The  salt  is  decomposed  at  once  by  water  and  alcohol.  It 
gives  up  its  hydriodic  acid  when  exposed  to  air,  probably  through 
absorption  of  moisture,  for  when  kept  over  potassium  hydroxide 
for  twenty  hours  it  still  contains  35.45  per  cent,  of  hydriodic 
acid. 

Chlorocaffeine  Hydrobromide ,  C.H,ClN,0,.HBr.— This  salt  is 
prepared  similarly  to  the  hydriodide.  It  is,  however,  less  stable 
and  loses  its  acid  more  readily.  Analysis  gives  the  following 
figures : 

Calculated  for 
CsH«ClN40a.HBr.  Found. 

HBr 26.18  26.80 

Kept  over  potassium  hydroxide  for  ten  hours  it  showed  only 
24.80  per  cent,  of  hydrobromic  acid. 

Chlorocaffeine  Hydrochloride,  C.H.C1N,0..HC1.— This  salt  is 
still  less  stable  than  the  hydrobromide.  It  is  necessary  to  wash 
it  with  chloroform  saturated  with  hydrochloric  acid,  and  dry  for 
analysis  as  rapidly  as  possible. 

"^Ann,  Chem.  (Liebig),  ais.  262. 
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Calculated  for 
CaU,ClN40,.HCl.  Pound, 

HCl 13.75  "92 

Kept  over  potassium  hydroxide  for  6  hours  it  showed  only  6.15 
per  cent,  of  hydrochloric  acid. 

Chlorocaffeine  Hydriodide  Pentiodide,  C,H,ClN^O,.HI.I^.— 
Chlorocaffeine  is  dissolved  in  chloroform  and  is  mixed  with  a 
solution  of  iodine  in  the  same  solvent.  A  slow  stream  of  dry 
hydriodic  acid  gas  is  now  passed  into  the  mixture.  A  black 
amorphous  powder  separates  at  once.  This  is  finely  powdered 
and  redigested  with  a  fresh  solution  of  iodine  in  order  to  insure 
complete  reaction.  If  it  had  been  previously  completed,  no 
further  absorption  of  iodine  will  take,  place.  The  periodide  is 
filtered,  washed  with  chloroform,  and  dried  in  the  usual  man- 
ner. The  **periodine*'  is  estimated  by  titration  with  sodium 
thiosulphate.  The  total  iodine  is  estimated  by  subtracting  from 
the  mixed  silver  halides  (by  Carius'  method)  the  quantity  of 
silver  chloride  which  corresponds  to  the  chlorine  in  the  chloro- 
caffeine.    The  results  of  analysis  are  as  follows  : 

Calculated  for  Found. 

CcH,ClN40,.HI.Is.  I.  II.  III. 

Total  iodine 76.78  76.15         ••••  •••• 

Periodine 63.99  63.08       63.66        62.75 

This  periodide  is  a  black  amorphous  powder  with  a  ^lightly 
bluish  tint.  It  melts  at  185^-6**  C.  It  is  decomposed  by  water, 
alcohol,  more  readily  by  methyl  alcohol,  by  ether  and  ethyl  ace- 
tate, giving  in  all  cases  the  white  chlorocaffeine.  It  is  slightly 
soluble  in  chloroform.  Washing  the  periodide  with  a  large 
amount  of  chloroform  does  not  diminish  the  per  cent,  of  the 
halogen  in  the  compound.  When  exposed  to  air  it  shows  only 
slight  signs  of  alteration,  and  even  on  heating  the  periodide  at 
100®  C.  for  twenty-four  hours,  only  a  portion  of  the  iodine  can 
be  driven  off. 

Chlorocaffeine  Hydrobromide  Pentiodide,  C,H,ClN,0,.HBr.I,.— 
This  periodide  is  prepared  by  the  same  method  as  the  periodide 
just  described,  substituting  hydrobromic  for  hydriodic  acid.  If 
the  acid  be  passed  rapidly,  the  periodide  comes  down  amorphous; 
if  slowly,  it  assumes  a  crystalline  appearance.  Redigestion  in 
a  fresh  solution  of  iodine  shows  no  increase  in  the  per  cent,  of 
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iodine  in  the  periodide.  On  being  washed  with  pure  chloroform 
the  periodide  suffers  no  appreciable  loss  of  the  halogen.  It  was 
analyzed  with  the  following  results  : 

Calculated  for  Pound. 

CaH,ClN40t.HBr.I».    I.  II.  m. 

Iodine 67.15  65.5  67.07  66-29 

HBr»»*»* • 0.49  ••••  8.21  .... 

The  hydrobromic  acid  was  estimated  by  subtracting  from  the 
mixed  silver  halides  (by  Carius'  method)  the  quantities  of  sil- 
ver chloride  and  iodide  which  correspond  to  the  chlorine  of 
chlorocaffeine,  and  to  the  iodine  as  found  by  titration  respec- 
tively. 

In  appearance  this  periodide  is  not  quite  as  black  as  the 
periodide  of  the  hydriodide.  It  melts  at  169**  C.  It  is  however 
far  less  stable  than  the  hydriodide,  giving  up  its  iodine  ver}*^ 
readily  to  water,  alcohol,  ether  and  ethyl  acetate;  somewhat 
soluble  in  chloroform.  When  exposed  to  air  it  loses  its  iodine 
very  rapidly,  and  on  gentle  warming  leaves  pure  chlorocaffeine. 
It  is  even  more  unstable  than  the  periodide  of  the  hydrochloride 
of  chlorocaffeine,  an  irregular  gradation  of  stability  as  compared 
with  that  of  the  periodides  of  caffeine  itself. 

Chlorocaffeine  Hydrochloride  Tetraiodide,  C.H,C1N,0,.HC1.I,. 
— ^The  preparation  of  this  compound  has  been  attended  with 
some  difficulties,  because  of  its  greater  solubility  in  chloroform 
than  the  other  periodides.  The  results  of  analysis  by  themselves 
would  not  entirely  justify  the  formula  of  the  compound  as  given, 
had  it  not  been  supported  by  the  analysis  of  the  far  more  stable 
periodide  of  bromocaffeine  hydrochloride,  which  certainly  has 
the  analogous  constitution.  Washed  with  chloroform  and  dried 
this  periodide  furnished  upon  analysis  these  figures : 

Calculated  for  Pound. 

CaH,ClN40,.HCl.l4.      I.  II.  III. 

Iodine 70.49  72.70  70.28  73.51  (?) 

This  periodide  is  of  a  blue-black  color,  and  is  crystalline.  It 
melts  at  137**  C.  It  is  decomposed  by  the  different  reagents  simi- 
larly to  the  other  periodides.  It  is  however  more  stable  than  the 
periodide  of  the  hydrobromide,  losing  iodine  only  very  slowly  on 
exposure  to  air.  When  gently  heated  it  takes  several  hours  to 
drive  off  all  the  iodine  from  a  small  sample  of  the  periodide. 
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Chlorocaffeine  Hydrohromide  Pentahromide ,  C,H,ClN,0,.HBr. 
Br^. — When  a  solution  of  chlorocaffeine  in  chloroform  is  treated 
with  bromine  and  set  aside,  there  appear  within  twent3'-four 
hours  long  beautiful  red  crystals.  The  more  bromine  added, 
the  quicker  and  more  abundant  is  the  crop  ;  if  quite  a  strong 
solution  of  bromine  in  chloroform  be  emplo^'ed,  the  crystals 
appear  within  ten  to  fifteen  minutes.  On  the  other  hand,  the 
more  carefully  the  bromine  and  chloroform  are  freed  from  traces 
of  moisture,  alcohol,  and  hydrobromic  acid,  the  longer  is  the 
formation  of  the  crystals  delayed.  But  even  with  the  most  care- 
fully purified  reagents  I  have  never  failed  to  obtain  them  sooner 
or  later.  Several  samples  prepared  independently  were  filtered, 
washed  with  chloroform  containing  some  bromine,  and  rapidly 
dried.  The  total  bromine  was  estimated  by  Carius'  method. 
The  analysis  gave  the  following  results  : 

Calculated  for  Found. 

CaH«ClN40,.HBr.BrB.  I.  II.  III.  IV. 

Totkl  bromine 67.66       65.98         ••••        66.57         -**- 

Perbromine 56.38        55.25        55.02        55.42        55.00 

The  results  of  analysis  show  conclusively  that  we  have  here  a 
perbromide  of  a  hydrohromide.  To  confirm  this,  I  have  prepared 
the  same  compound  by  passing  hydrobromic  acid  gas  into  a 
solution  of  chlorocaffeine  and  bromine  in  chloroform.  The  per- 
bromide, which  separated  as  a  heavy  amorphous  sediment,  gave 
these  figures : 

Total  bromine 67.04 

Perbromine 55-87 

Whence  comes  the  hydrobromic  acid  ?  Some  of  it  at  least  is 
probably  produced  by  the  action  of  bromine  upon  traces  of 
moisture  present  in  the  reagents.  It  is  not  improbable  that 
some  hydrobromic  acid  results  from  the  substituting  action  of 
bromine  upon  chloroform,  a  reaction  which  is  extremely  slow 
when  the  reagents  are  pure,  but  may  be  induced  or  facilitated 
by  the  presence  of  foreign  bodies,  like  chlorocaffeine  in  this  case. 
Then  again,  a  small  portion  of  chlorocaffeine  is  probably  decom- 
posed, in  someway,  by  bromine  with  the  production  of  hydro- 
bromic acid ;  and  this,  as  soon  as  formed,  unites  with  the  unat- 
tacked  chlorocaffeine  and  forms  the  perbromide.     This  would 
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explain  why,  even  when  pure  reagents  are  employed,  the  forma- 
tion of  crystals  begins  very  soon  after  the  addition  of  bromine, 
provided  it  be  added  in  large  excess. 

The  perbromide,  when  crystalline,  consists  of  dark-red  short 
thick  prisms.  It  melts  at  151^  C.  It  is  decomposed  by  water, 
alcohol,  ethyl  acetate,  giving  a  residue  of  pure  chlorocaffeine. 
It  is  insoluble  in  chloroform.  Ether  removes  only  four-fifths  of 
the  •'exterior**  bromide,  and  gives  a  lower  perbromide. 
Exposed  to  air  it  loses  bromine  quite'readily,  and  if  the  exposure 
be  prolonged,  it  loses  all  its  bromine.  Gentle  heating  greatly 
hastens  the  liberation  of  bromine. 

Chlorocaffeine  Hydrobramide  Monobromide,  C,H,ClN^O,.HBr. 
Br. — When  the  pentabromide  of  chlorocaffeine,  finely  powdered, 
is  digested  with  anhydrous  ether  for  several  days,  it  gives  up 
four-fifths  of  its  ** exterior**  bromine.  The  reaction  is  slow 
towards  the  end  and  care  must  be  taken  to  replace  the  ether 
with  fresh  portions  of  the  solvent.  The  yellow  residue  is  filtered 
off,  washed  with  ether  and  rapidly  dried.  Several  samples  were 
analyzed  with  the  following  results  : 

Calculated  for  Pound. 

CsH9ClN40,.HBr.Br.    I.  II.  III. 

Total  bromine 41.08  42.34  *  *  *  ■  •  *  •  * 

Perbromine 30.54  22. 1 1  20.89  ^0.04 

It  is  a  yellow  amorphous  powder,  of  a  darker  shade  than 
the  corresponding  derivative  of  bromocaffeine.  It  melts  at  189** 
C,  being  previously  decomposed  into  chlorocaffeine  and  bro- 
mine. It  resembles  the  pentabromide  in  most  of  its  properties, 
but  seems  to  be  somewhat  more  stable  toward  methyl  and  eth}'! 
alcohol. 

Chlorocaffeine  Hydrochloride  Pentabromide,  C^H,C1N^0,.HC1. 
Br,. — Chlorocaffeine  is  dissolved  in  dry  chloroform  containing 
bromine  free  from  hydrobromic  acid.  A  slow  stream  of  dry 
hydrochloric  acid  gas  is  now  passed  into  the  solution.  Beauti- 
ful well  defined  crystals  soon  separate.  These  are  filtered, 
washed  with  chloroform  containing  bromine,  and  rapidly  dried. 
Several  samples  gave  the  following  results  upon  analysis  : 

Calculated  for  Found. 

CsH,ClN40s.HCl.Brft.  I.  II.  III. 

Br 60.17  58.88  57.62  58.50 

HCl 548  561 
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The  crystals,  small  prisms,  are  of  a  red  to  a  scarlet-red  color. 
The  perbromide  melts  at  153*  C.  It  is  decomposed  by  water, 
alcohol  and  ethyl  acetate  in  about  the  same  degree  as  the  per- 
bromide of  the  hydrobromide.  On  exposure  to  air,  or  on  gentle 
heating,  it  does  not  seem  to  lose  bromine  any  faster  than  the  per- 
bromide of  the  chlorocaffeine  hydrobromide. 

V.    PERHALIDES  OP  BROMOCAPPBINE. 

Bromocaffeine,  like  the  chloro  compound,  is  capable  of  form- 
ing salts  and  perhalides,  provided  the  proper  conditions  are 
observed.  In  general,  the  salts  are  even  more  stable. than  those 
obtained  from  chlorocaffeine ;  this  is  also  true,  in  general 
terms,  of  the  perhalides. 

Bromocaffeine^  Hydriodide,  C,H,BrN^O,.HI. — Prepared  and 
analyzed  like  the  corresponding  salt  of  chlorocaffeine,  it  fur- 
nished these  figures : 

Calculated  for  Pound. 

CBH,BrN«Ot.HI.  I.  II.  lU. 

HI 31.83  31.49  32.18  32.52 

Kept  over  potassium  hydroxide  for  two  days  it  showed  no  loss 
of  hydriodic  acid. 

Bromocaffeine  Hydrobromide,  C,H,BrN^O,.HBr. — ^This  salt  has 
to  be  washed  with  chloroform  saturated  with  hydrobromic  acid, 
for  otherwise  it  dissociates  and  gives  upon  analysis  low  results: 

Calculated  for  Pound. 

CsH9BrN40,.HBr.  I.  II.  m. 

HBr 22.89  21-22  19-00  23.50 

The  salt  is  tolerably  stable  when  protected  from  moisture. 

Bromocaffeine  Hydrochloride,  C,H,BrN,0,.HCl.— Prepared  in 
the  same  manner  as  the  other  salts,  it  furnished  the  following 
results : 

Calculated  for  Pound. 

CaH,BrN40,.HCl.  I.  n. 

HCl 11.77  "79  "-43 

This  salt  is  far  more  stable  than  the  hydrochloride  of  chloro- 
caffeine. Left  over  potassium  hydroxide  for  twenty  hours,  it 
lost  only  0.70  per  cent,  of  hydrochloric  acid. 

Bromocaffeine  Hydriodide  Pentiodide,  C,H,BrN^O,.HI.I,.— 
This  periodide  has  been  prepared  similarly  to  the   analogous 

1  Prepared  according:  to  K.  Pisher's  method,  Ann.  Chem.  (I^iebigr),  ti5,  264. 
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periodide  of  chlorocaffeine.  Washed  with  chloroform,  dried  and 
analyzed,  it  gave  the  following  results,  as  obtained  upon  sepa- 
rate samples : 

Calculated  for  Pound. 

CtH8BrN«0,.HI.I».      I.  II.  III. 

Total  iodine 73*43  72.86  ••••  .... 

Periodine 61.22  60.52  60.22  61.27 

It  is  a  dull- black  amorphous  powder,  melting  at  183''  C.  It 
is  decomposed  by  water,  alcohol,  ether  and  ethyl  acetate,  but 
slower  than  the  analogous  periodide  of  chlorocaffeiue.  It  is 
insoluble  in  chloroform.  The  sample  thati  furnished  analysis  I. 
was  boiled  for  some  time  with  chloroform,  and  still  gave  upon 
titration  with  sodium  thiosulphate  60.39  P^^  cent,  of  iodine.  It 
loses  iodine  very  slowly  on  exposure,  and  even  on  warming  the 
liberation  of  iodine  is  slow. 

Bromocaffeine  Hydrobramide  PenHodide,  C,H,BrN^O,.HBr.Ij. 
—This  periodide  forms  very  slowly,  and  the  product,  as  first 
obtained,  must  be  redigested  in  fresh  solutions  of  iodine  in  chlo- 
roform, in  order  to  insure  a  uniform  and  constant  sample.  When 
all  the  salt  has  been  thus  converted  into  the  pentiodide,  further 
digestion  with  iodine  does  not  give'  any  higher  periodide  ;  and 
when  the  pentiodide  is  washed  with  large  quantities  of  pure 
chloroform,  it  loses  none  of  its  ** exterior*'  iodine.  Several 
samples  were  analyzed  with  the  following  results : 

Calculated  for  Pound. 

CBH«BrN40a'HBr.lB.     I.  II.  III. 

1 64.12  65.40  63.88  64.53 

HBr 8.12  8.42  .... 

This  periodide  is  amorphous,  of  a  dark-brown  color,  and 
melts  at  ISC'*  C.  It  is  decomposed  by  the  different  reagents  like 
the  similar  periodide  of  chlorocaffeiue.  Unlike  the  latter,  it 
loses  iodine  only  very  slowly  on  exposure,  but  quite  rapidly 
when  warmed.  In  this  respect,  then,  it  is  a  more  stable  com- 
pound than  its  analogue  of  chlorocaffeiue. 

Bromocaffeine  Hydrochloride  Teiraiodide,,  CgH.BrN^Oj.HCl.I^. 
—Just  as  the  hydrochloride  salt  of  bromocaffeine  is  more  stable 
than  the  hydrochloride  of  chlorocaffeiue,  so  is  the  periodide  of 
the  former  easier  obtained  in  pure  state  than  that  of  the  latter. 
When  hydrochloric  acid  gas  is  passed  into  a  solution  of  bromo- 
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caffeine  and  iodine  in  chloroform,  the  periodide  comes  down  at 
once  pure,  either  in  brown  or  dark-blue  crystals »  depending  upon 
the  rate  with  which  the  hydrochloric  acid  is  passed  into  the  solu- 
tion. Samples  were  washed  with  chloroform  containing  hydio- 
chloric  acid,  dried  and  analyzed  with  the  following  results : 

Calculated  for 
CsH,HBrN40,.HCl.l4. 

1 62.06' 

HCl 4.46 

Bromocaffeine,  then,  agrees  with  chlorocaffeine  in  that  respect 
that  they  both  form  tetraiodides  of  their  respective  hydrochlo- 
rides. The  periodide  of  bromocaffeine  hydrochloride,  is  much 
less  stable  than  the  periodide  of  the  hydrobromide,  and  in  this 
respect  bromocaffeine  differs  from  chlorocaffeine,  for  in  the  latter 
the  gradation  of  the  stability  is  in  the  reverse  order.  This 
periodide  consists  of  well  defined  brown  or  dark-blue  crystals, 
melting  at  136"  C.  It  is  readily  decomposed  by  the  various 
reagents.  Exposed  to  air,  it  loses  nearly  all  its  iodine  in  a 
comparatively  short  time,  and  still  more  rapidly  when  wanned. 

Bromocaffeine  Hydrobromide  Pentabromide ,  CgH,BrN^O,.HBr.- 
Br^. — All  that  has  been  said  about  the  formation  of  the  perbro- 
mide  of  chlorocaffeine  applies  equally  well  in  the  case  of  bro- 
mocaffeine. A  solution  of  the  latter  in  chloroform  containing 
bromine  begins  to  deposit  long  slender  crystals  within  five  to  six 
hours,  and  the  crop  gradually  increases  as  the  solution  is  allowed 
to  stand.  Even  when  the  reagents  employed  are  carefully  freed 
from  traces  of  moisture  and  hydrobromic  acid,  the  formation  of 
the  perbromide  still  takes  place,  being  more  rapid  as  the  amount 
of  bromine  added  is  increased.  The  perbromide,  thus  obtained, 
is  entirely  identical  with  the  one  which  is  formed  when  dry 
hydrobromic  acid  gas  is  passed  into  a  solution  of  bromocaffeine 
and  bromine  in  chloroform,  except  that  in  the  latter  case  the 
product  is  amorphous.  All  that  has  been  said  about  the  possi- 
ble sources  of  the  hydrobromic  acid  in  the  case  of  the  perbro- 
mide of  chlorocaffeine,  must  apply  fully  as  well  to  the  perbro- 
mide of  bromocaffeine.  Unfortunately,  neither  of  the  two  halo- 
gen substitution  products  of  caffeine  are  soluble  in  carbon  tetra- 
chloride, and  therefore  the  latter  could  not  be  used  instead  of 
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chloroform.  The  total  bromine  was  found  by  subtracting  from 
the  total  silver  bromide,  as  obtained  by  Carius'  method,  that 
amount  of  it  which  corresponds  to  the  bromine  in  bromocaffeine 
proper.  The  results  of  the  analysis  of  several  samples  are  as 
follows : 

Calculated  for 
CaHtBrN4Oa.HBr.Br5. 

Total  bromine 63.68 

Perbromine    53.05 

Analyses  I.,  II.,  III.  and  IV.  are  upon  samples  prepared  without 
the  addition  of  hydrobromic  acid,  while  Analysis  V.  is  upon  a 
sample  obtained  with  addition  of  the  acid. 

This  perbromide  consists  of  short  prisms  of  a  dark  orange-red 
color,  melting  at  156°  C.  It  resembles  in  general  behavior  the 
analogous  perbromide  of  chlorocaffeine.  It  is  decomposed  by 
the  various  reagents,  and  on  exposure  loses  all  its  bromine. 
When  treated  with  ether  it,  too,  forms  the  lower  perbromide. 

It  may  be  said,  that  whatever  the  case  be  with  pure  caffeine 
itself,  the  perbromides  of  the  halogen  substitution  derivatives  of 
the  base  may  after  all  have  two  bromine  atoms  linked  to  the 
unsaturated  carbon  atoms,  and  only  the  three  remaining  bro- 
mine atoms  form  the  true  perbromide.  That  is,  the  constitution 
of  the  perbromides  should  be  represented  by  Formula  I,  and  not 
by  II. 

I. 

Br 
CH,.N— CX 

CO  CBr.N.CH, 

■  • 

CH,.N— C  :  N>^^'.(HBr.Br.). 

II. 
CH,.N  — CX 

CO  C.N.CH, 

•  .  « 

CH.N  —  C  :  N>^^  ,(HBr.Br,). 

In  favor  of  this  view,  we  have  the  fact  that  the  introduction 
of  a  negative  group  (X)  into  the  *caflFeine  molecule  favors  the 
formation  of  such  additive  products.    Thus,  E.  Fisher*  has  found 
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that  hydroxycaffeine  readily  unites  with  bromine,  and  the  result- 
ing additive  product  has  not  unlikely  this  composition :  CgH,(OH) 
N^Oj.Br,.  But  against  this  view  we  have  (i)  that  no  such 
dibromo-additive  compounds  of  either  chloro  or  broniocafFeine 
have  ever  been  isolated  ;  (2)  that  even  iodine  makes  the  penta- 
perhalides,  and  not  the  tri-perhalides,  as  we  should  otherwise 
expect,  and  (3)  that  the  formation  of  the  perhalides  of  bromo 
and  chlorocaffeine  takes  place  only  in  presence  of  some  halogen 
acid. 

Bromocaffeine  Hydrobromide  Monobromide ,  C,H,BrN^O,.HBr.- 
Br. — This  is  formed  when  the  higher  perbromide  is  treated  with 
anhydrous  ether  until  fresh  portions  of  the  latter  are  no  longer 
colored  by  the  perbromine.  Washed  with  ether  and  dried, 
several  independent  samples  were  analyzed  with  the  following 
results : 

Calculated  for  Pound. 

CsH9BrN4OtHBr.Br.    I.  II.  ni. 

Total  bromine 36.86  37-35  ••••  •••• 

Perbromine i8-43  18.68  20.39  20.04 

This  perbromide  is  of  a  lighter  yellow  color  than  the  corres- 
ponding perbromide  of  chlorocaffeine  ;  in  all  other  respects  the 
two  compounds  apparently  agree.  It  melts  at  206°  C,  suffering, 
previously  to  melting,  decomposition  into  bromocaffeine,  hydro- 
brouiic  acid,  and  bromine. 

Bromocaffeine  Hydrochloride Penta  bromide^  CgH,BrN^O,.  HCl.Br,, 
— Bromocaffeine  is  dissolved  in  chloroform,  bromine  free  from 
hydrobromic  acid  is  added,  and  a  slow  stream  of  hydrochloric 
acid  gas  is  now  passed  into  the  mixture.  The  separation  of  the 
perbromide  begins  to  take  ^lace  at  once,  in  the  form  of  deep-red 
needle-like  crystals.  Samples  thus  prepared  were  analyzed  with 
the  following  results : 

Calculated  for  Pound. 

CBH,BrN40,.HCl  Br,.  I.  II. 

Br 56.40  55.25  55.18 

HCl 5.13  5.02 

This  perbromide  resembles  very  closely  the  perbromide  of  the 
hydrobromide,  but  it  seems  to  give  off  bromine  more  readily 
than  the  latter.  It  melts  at  157*  C.  It  is  decomposed  by  the 
various  reagents,  and  gives  pure  bromocaffeine. 
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VI.   SUMMARY. 

The  results  described  in  the  preceding  pages  are  presented  in 
a  condensed  form  in  the  subjoined  table.  In  general  terms,  the 
perhalides,  as  given  in  the  table,  decrease  in  stability  as  we  read 
from  left  to  right.  For  example,  of  the  periodides  of  the 
hydriodides,  that  of  caffeine  is  the  most  stable,  next  comes  that  of 
bromocaffeine,  and  this  is  followed  by  the  one  of  chlorocaffeine. 
The  same  is  true  of  the  periodides  and  perbromides  of  the  other 
salts.  While  the  line  is  quite  sharp  between  the  perhalides  of 
caffeine  and  those  of  bromocaffeine,  it  is  not  so  between  the  per- 
halides of  the  latter  and  those  of  chlorocaffeine.  We  can  speak 
only  in  general  terms  of  a  difference  in  stability  between  the 
perhalides  of  the  two  halogen  caffeines,  respectively.  Thus,  we 
notice  such  a  difference  in  stability  between  the  periodides  of  the 
two  hydrobromides,  and  also  between  the  perbromides  of  the  two 
hydrochlorides  respectively.  The  gradation  in  stability  among 
the  periodides  of  one  and  the  same  class  is  usually,  but  not 
always,  regular.  In  all  three  cases,  however,  the  periodides  of 
the  hydriodides  are  far  more  stable  than  those  of  the  other 
salts.  If  a,  by  and  c  should  represent  different  degrees  of  sta- 
bility, decreasing  in  alphabetical  order,  then  the  relative  sta- 
bility of  the  members  of  each  class  of  the  perhalides  is  as  is 
given  in  the  table.  It  must  be  understood  that  the  term  stability 
is  used  here  in  its  broad  and  general  sense,  such  as  the  behavior 
of  the  compounds  towards  different  solvents,  and  on  exposure  to 
air.  The  comparison  is  made  between  the  perhalides  of  each 
class,  and  the  periodides,  as  well  as  the  perbromides  of  each  of 
the  three  bases  (caffeine,  bromocaffeine,  and  chlorocaffeine) 
form  separate  classes  for  comparison.  When  two  perhalides  of 
the  same  salt  exist,  only  the  higher  one  is  taken  into  account. 

There  appears  to  be  a  regular  lowering  in  the  melting  points 
of  the  periodides  of  each  class,  it  being  the  highest  in  the 
hydriodides  and  the  lowest  in  the  hydrochlorides.  It  is  a  cur- 
ious coincidence  that  the  melting  points  of  the  analogous  perio- 
dides of  chlorocaffeine  and  bromocaffeine  are  so  near  alike, 
while  the  pure  halogen  caffeines  themselves  melt  at  iSS""  C.  and 
206"  C,  respectively.  The  perbromides  do  not  show  such  a 
regular  gradation.  There  is  a  difference  in  stability  of  the 
periodides  of  each  class,  corresponding  to  the  lowering  of  the 
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melting  points,  this  being  true  of  caffeine  and  bromocaffeine, 
where  the  periodide  of  the  hydrobromide  is  less  stable  than  the 
hydrochloride.  There  is  a  uniformity  in  composition  between  the 
periodides  on  one  hand  and  the  corresponding  perbromides  on 
the  other,  in  each  of  the  three  bases.  Thus,  in  caffeine  it  is 
always  the  tetrahalide  compound  that  is  more  easily  formed,  and 
in  chlorocaffeine  and  bromocaffeine  it  is  the  pentahalide.  It  will 
be  noticed  that  all  three  hydrochlorides  carry  less  iodine  in  the 
periodides  than  the  salts  of  the  other  two  halogen  acids. 

It  is  difficult  to  draw  very  general  conclusions  from  the  study 
of  perhalides  of  only  one  base,  but  so  far  as  they  go,  the  results 
presented  in  the  preceding  pages  justify  in  a  certain  degree  the 
following  conclusions  : 

(i)  Organic  bases  are  capable  of  forming  periodides  not  only 
of  their  hydriodide  salts,  but  also  of  the  hydrobromides  and  of 
the  Ihydrochlorides.  The  stability  of  the  resulting  periodide 
will  be  governed,  all  other  conditions  being  equal,  by  the  nature 
of  the  halogen  through  which  the  '*  periodine ''  is  linked  to  the 
nitrogen,  decreasing  as  the  volatlitity  of  the  halogen  increases. 

(2)  When  a  base  forms  periodides,  it  is  also  capable  of  form- 
ing perbromides,  which  probably  posses  an  analogous  composi- 
tion and  constitution. 

(3)  If  two  nearly  related  compounds  form  under  similar  con- 
ditions periodides  (or  perbromides)  of  different  degrees,  then  the 
periodide  (or  perbromide)  containing  the  highest  number  of 
"perhalogen"  atoms  is  not  necessarily  the  more  stable  of  the 
two.  Compare,  for  instance,  the  tetraiodide  and  tetrabromide 
of  caffeine  with  the  pentiodide  and  pentabromide  of  bromocaffeine. 

(4)  The  number  of  iodine  atoms  which  a  base  takes  up  in 
the  formation  of  a  periodide  is  in  no  way  an  index  of  the  basal 
power  of  the  base.  Caffeine,  for  instance,  is  a  very  weak  base, 
yet  it  forms  higher  periodides  than  the  comparatively  stronger 
bases  of  morphine,  strychnine,  atropine,  etc.  Again,  chlorocaf- 
feine and  bromocaffeine,  although  far  weaker  than  caffeine  itself, 
forms  higher  periodides  than  the  latter. 

In  conclusion,  I  wish  to  express  my  thanks  to  Mr.  J.  A.  Keat- 
ing and  Mr.  W.  J.  O'Brien,  who  have  kindly  helped  me  in  this 
work. 

Ann  A&BOR.  MlCBIOAM. 
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DETERHIN  ATION  OF  THE  HEAT  OF  BROHINATION  IN  OILS.' 

By  H.  W.  Wilby. 
Received  January  3. 1896. 

THE  qualitative  value  of  the  degree  of  heat  produced  in 
mixing  oils  with  sulphuric  acid,  is  pointed  out  in  Bulletin 
No.  13,  Part  IV,  pages  475  efseq.  In  that  bulletin  a  great  num- 
ber of  examples  are  given,  showing  the  different  behavior  of 
different  fats  apd  oils  when  treated  according  to  the  method  first 
proposed  by  Maumen6  with  sulphuric  acid  under  standard  con- 
ditions. It  is  evident  that  in  a  process  of  this  kind  the  actual 
rise  of  temperature  observed  is  dependent  upon  many  varying 
conditions,  such  as  the  initial  temperature,  strength  of  sulphuric 
acid,  relative  proportions  of  sulphuric  acid  and  oil  employed, 
perfectness  of  insulation  and  other  data  depending  on  the  analy- 
tical system  itself.  The  data  obtained  under  standard  condi- 
tions, however,  are  extremely  valuable  in  discriminating  between 
fats  of  different  characters.  For  instance,  the  rise  of  tempera- 
ture produced  by  a  given  weight  of  butter  fat  is  only  about  one- 
fourth  of  that  produced  by  an  equal  weight  of  cotton  oil  under 
the  same  conditions.  In  the  bulletin  mentioned  above,  formulas 
are  also  given  whereby  soqie  quantitative  idea  may  be  obtained  of 
the  relative  proportions  of  the  two  constituents  in  a  mixed  oil. 
The  fact  that  the  natural  glycerides  contain  unsaturated  radicals 
capable  of  combining  with  the  halogens  has  long  been  recog- 
nized, and  Hiibl,  as  is  well  known,  has  based  a  quantitative 
method  of  great  value  upon  the  ability  of  glycerides  to  absorb 
iodine.  Chlorine  and  bromine  are  also  absorbed  with  equal  or 
greater  avidity,  and  attempts  have  been  made  to  establish  quan- 
titative methods  in  which  these  halogens  take  the  place  of 
iodine  in  the  Hiibl  process. 

Hehner  and  Mitchell'  propose  an  innovation  upon  the  general 
principles  of  the  Hiibl  method  in  which  the 'degree  of  chemical 
action  is  not  measured  by  the  residue  of  the  halogen  left  unab- 
sorbed,  but  by  the  degree  of  heat  produced  by  the  chemical 
reaction  which  takes  place.     They  have  not  made  any  attempt 

1  Read  at  the  Cleveland  Meeting,  December  31,  1895. 
s  Analyst,  ao,  146. 
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to  detennine  the  total  quantity  of  heat  by  calorimetric  measure- 
ment, but  simply  estimate  the  total  rise  of  temperature  produced 
by  the  reaction.  This  method  I  have  subjected  to  a  thorough 
analytical  test,  and  am  convinced  that  it  has  great  value  in 


analytical  operations.  On  account  of  the  difficult)'  of  executing 
the  method  as  described  by  the  authors,  I  have  made  a  number 
of  changes  therein  which  render  it  not  only  more  accurate,  but, 
especially,  more  easy  of  application.  The  difficulty  of  handling 
liquid  bromine  in  quantities  of  one   cc.    is    evident  to  everj- 
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• 


analyst.  It  is  almost  impossible  to  measure  and  deliver 
exactly  this  quantity  of  liquid  bromine  into  the  tube  in  which 
the  reaction  takes  place.  I  have  therefore  made  use  of  the  bro- 
mine previously  dissolved  in  chloroform  or  carbon  tetrachloride. 
I  find  that  one  part  by  volume  of  bromine  in  four  parts  by  vol- 
ume of  chloroform  makes  a  solution  which  is  easily  kept  and 
easily  measured.  To  avoid  any  disturbing  action  of  the  bromine 
upon  the  chloroform,  due  to  the  generation  of  hydrobromic  acid,  the 
solution  should  be  kept  shielded  from  the  light  and  only 
small  quantities,  such  as  may  be  used  during  the  day,  made  up 
at  a  time.  Another  convenient  modification  has  been  intro- 
duced in  dissolving  the  fats  or  oils  in  chloroform  or  carbon  tetra- 
chloride before  beginning  the  analytical  operations.  By  this 
means  triplicate  determinations,  or  a  greater  number  may  be 
made  on  the  same  sample  without  the  trouble  and  annoyance 
of  weighing  each  one.  Ten  grams  of  the  oil  or  fat  are  dissolved 
in  chloroform  and  the  volume  made  up  to  fifty  cc.  With  this 
volume  nine  determinations  can  easily  be  made,  and  it  is  recom- 
mended that  at  least  four  be  made  with  every  sample. 

The  apparatus  employed  is  shown  in  the  illustration.  The 
tube  holding  the  reagent  and  thermometer  is  about  forty  centi- 
meters in  length  and  one  and  a  half  in  internal  diameter.  It  is 
conveniently  held  in  a  drying  jar,  into  which  it  fits  air-tight  by 
means  of  a  rubber  stopper.  In  order  to  secure  the  insulation  of 
the  inner  tube,  the  air  is  withdrawn  from  the  drying  cylinder 
through  the  side  tubulure.  The  solution  of  bromine  and  chlo- 
roform is  placed  in  a  heavy  Erlenmeyer  fiask  with  a  side  tubulure 
near  the  top,  to  which  isattached  a  rubber  bulb.  Theflask  carries 
a  pipette  held  in  place  by  a  stopper,  which  by  gentle  pressure  is 
made  air-tight.  The  thermometer  used  is  graduated  in  fifths  of 
degrees  and  it  is  easily  read  to  tenths  by  means  of  a  small  mag- 
nifying glass. 

The  operation  should  be  conducted  in  a  room  which  is  kept 
at  as  nearly  as  possible  constant  temperature  during  the  progress 
of  the  work. 

The  solutions  having  all  been  prepared,  they  are  placed  upon 
the  table  with  the  apparatus  and  the  whole  system  is  allowed  to 
stand  until  a  constant  temperature  through  all  parts  is  reached. 
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Five  cc.  of  the  solution  of  the  fat  or  oil  are  placed  in 
the  inner  tube  by  means  of  a  pipette,  with  care  to  prevent  the 
solution  coming  in  contact  with  the  walls  of  the  tube.  The 
thermometer  having  been  inserted,  the  bromine  solution 
is  forced  into  the  pipette  by  compressing  the  rubber  bulb 
with  the  left  hand  until  the  liquid  has  passed  the  mark  on  the 
stem  of  the  pipette.  The  top  of  the  pipette  is  now  closed  by  the 
forefinger  of  the  right  hand,  the  pressure  on  the  rubber  bulb 
released,  the  stopper  in  the  Erlenmeyer  flask  loosened  and  the  bro- 
mine in  the  pipette  allowed  to  flow  out  until  the  mark  is 
reached.  The  bromine  solution  is  transferred  to  the  observation 
tube  and  allowed  to  flow  directly  into  the  solution  of 
the  fat.  It  is  not  important,  in  this  case,  to  prevent  the  liquid 
from  touching  the  sides  of  the  tube  as  it  enters.  As  soon  as  the 
pipette  is  empty  it  is  withdrawn,  replaced  in  the  Erlenmeyer  flask 
and  the  thermometer  at  once  obser\'ed  by  means  of  the  magnifying 
glass.  The  bromination  of  the  fat  is  practically  instantaneous 
and  the  mercury  in  the  thermometer  will  reach  its  maximum 
height  in  about  a  minute  after  the  pipette  delivering  the  bromine 
solution  is  withdrawn.  The  whole  operation  of  determining  the 
heat  of  bromination  after  all  the  preparations  are  made  can  be 
accomplished  within  two  minutes.  When  the  mercurial  column 
in  the  thermometer  beginstodescend,airisadmitted  into  the  outer 
cylinder  through  the  stopcock  shown,  the  tube  containing  the  resi- 
due of  the  reaction  is  withdrawn  by  loosening  the  rubber  stop- 
per and  its  contents  emptied.  By  holding  the  tube  with  the 
mouth  down  the  residual  bromine  vapor  soon  escapes  and  the 
tube  may  be  cleaned  by  simply  wiping  it  with  a  long  test-tube 
cleaner,  or  may  be  used  again  without  cleaning  after  allowing 
it  to  stand  for  half  an  hour  mouth  down.  Any  traces  of 
brominated  oil  which  remain  upon  the  sides  of  the  tube 
do  not  unfit  it  for  subsequent  use,  unless  thick  enough  to 
obscure  the  reading  of  the  temperature.  By  allowing  the 
air  thus  to  re-enter  the  jacket  space  the  thermometer  is  soon 
restored  to  the  normal,  and  a  second  determination  may  be  made 
within  half  an  hour.  In  this  way  two  determinations  an  hour 
can  be  made  with  the  same  system. 
In  regard  to  the  relation  which  the  rise  of  temperature,  due  to 
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bromination,  has  to  the  iodine  absorption  number  of  a  fat,  it  is 
stated  by  Hehner  and  Mitchell  that  it  is  represented  by  the  fac- 
tor 5.5.  It  is  evident,  however,  that  this  factor  must  be  de- 
termined separately  for  every  system  of  apparatus  and  every  sol- 
vent employed.  Naturall}'  it. would  be  different  from  the  number 
stated  when  determined  in  the  manner  indicated  above.  Each 
analytical  system,  therefore,  must  be  separately  standardized, 
and  the  factor  thus  obtained  can  be  used  with  considerable  cer- 
tainty for  calculating  the  number  representing  the  iodine  absorp- 
tion. 

It  may  be  mentioned  that  it  is  important  not  to  stir  or  chum 
the  mixture  of  the  oil  and  bromine  further  than  is  secured  by 
the  introduction  of  the  bromine  solution  itself.  By  a  vigorous 
churning  of  the  mixture,  throwing  the  warm  liquid  against  the 
cold  sides  of  the  containing  tube,  I  found  it  possible  to  reduce 
the  rise  of  temperature  in  one  instance  from  19*  to  less  than  15**. 
It  is  evident  that  much  more  accurate  results  could  be  obtained 
in  all  cases  by  a  careful  calorimetric  measurement  of  the  heat 
produced  by  the  reaction.  For  strictly  scientific  purposes,  this 
is  tlie  only  rational  method  of  procedure,  but  the  desired 
end  will  be  served  equally  well  by  carefully  conducting  the 
process  in  some  such  way  as  indicated  above  and  determining 
for  each  system  of  apparatus  employed  the  factor  for  calculating 
the  iodine  number. 

Experience  has  shown  that  carbon  tetrachloride,  by  reason  of 
its  higher  boiling-point  and  stability,  is  a  more  convenient  sol- 
vent in  the  preparation  of  the  reagents  than  chloroform.  The 
rise  of  temperature  obtained,  however,  with  solutions  in  carbon 
tetrachlorid,  is  slightly  less  than  in  chloroform.  This  is  not  due 
to  a  higher  specific  heat  of  the  carbon  tetrachloride,  since  at  30** 
the  specific  heats  of  the  solvents  are  0.207  ^nd  0.233  ^or  carbon 
tetrachloride  and  chloroform  respectively.  Either  the  action  of 
the  bromine  is  more  vigorous  in  the  chloroform  solution  or  else 
the  heat  due  to  the  bromination  of  the  chloroform  and  the  pro- 
duction of  hydrobroraic  acid  is  sufficient  to  account  for  the  differ- 
ence. In  other  words,  we  have  here  to  deal  not  only  with  the 
heat  of  bromination  of  the  oil,  but  also  with  that  due  to  the  for- 
mation of  CBrCl,  and  of  hydrobromic  acid.     This  is  an  addi- 
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tional  reason  for-  preferring  carbon  tetrachloride  as  a  solvent. 

This  action  is  indicated  by  the  following  data :  One  part  of 
bromine  and  four  of  chloroform  were  placed  in  separate  contigu- 
ous vessels,  in  a  room  subject  only  to  slow  changes  of  tempera- 
ture, and  left  at  rest  for  nineteen  hours.  The  temperature  of  the 
two  liquids  at  the  expiration  of  this  time  was  exactly  12°.  On 
placing  the  thermometer  in  the  bromine  and  pouring  the  chloroform 
upon  it  there  was  at  first  a  depression  of  the  temperature  amount- 
ing to  seven-tenths  of  a  degree.  In  a  few  seconds  the  tempera- 
ture began  to  rise,  and  at  the  end  of  three  minutes  it  had  reached 
i3-3**i  showing  a  rise  of  over  one  degree  above  that  of  the  origi- 
nal solutions. 

In  the  following  table  the  data  representing  the  means  of  sev- 
eral observations  in  each  instance  are  given,  showing  the  results 
of  the  determination  of  the  heat  of  bromination  of  four  oils  dis- 
solved in  the  one  instance  in  chloroform  and  in  the  other  in  car- 
bon tetrachloride: 

Initial  tem-  Pinal  tern-  Rise  of  teni- 
Narne  of  oil.  Solvents.  perature.    perature.      perature. 


Olive  oil                           Chloroform 

22.7^ 

42.2^ 

195° 

Olive  oil                           Carbon  teteachloride 

151 

33-3 

1S.2 

Calycanthus  seed  oil     Chloroform 

17.2 

45.9 

28.7 

Calycanthus  seed  oil     Carbon  tetrachloride 

19-3 

47.0 

27-7 

Salad  oil  (cotton  seed?)Chloroform 

17.9 

43.7 

25.8 

Salad  oil  (cotton  seed?)Carbon  tetrachloride 

19.8 

44.7 

24.9 

Sunflower  seed  oil        Chl'^roform 

15.0 

43-4 

28.4 

Sunflower  seed  oil        Carbon  tetrachloride 

14.0 

41.6 

27.6 

My  thanks  are  due  to  Mr.  E.  E.  Ewell  for 

assistance 

in  the 

analytical  work. 

DISCUSSION. 

Dr,  C.  B.  Dudley :  The  detection  of  adulterations  in  commer- 
cial oils  is  a  subject  that  has  given  us  an  immense  amount  of 
study  in  the  laboratory  at  Altoona.  The  commercial  results 
may  be  easily  imagined  when  it  is  known  that  at  one  time  dur- 
ing the  past  eighteen  years  lard  oil  was  worth  $1.10  a  gallon, 
and  cottonseed  oil  fifty  cents  a  gallon,  and  that  it  was  no 
uncommon  practice  to  put  into  a  gallon  of  lard  oil  as  high  as 
twenty-five  percent,  of  cottonseed  oil.  I  should  state  that  lard  oil  is 
used  in  making  burning  oil  for  hand  lanterns  and  iscommonly  called 
signal  oil .    On  this  oil  depends  largely  the  safety  of  the  running  of 
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trains.  Cottonseed  oil  being,  as  you  all  know,  a  semi-drying 
oil,  and  does  not  bum  well,  hence  the  seriousness  of  adulteration 
may  be  readily  understood.  Signal  oil  mixed  with  cottonseed 
oil  will  go  out  in  from  six  to  eight  hours  after  it  is  lighted,  at 
least  after  the  first  two  or  three  times  burning  of  a  wick.  The 
switches  must  be  lighted  fourteen  hours  continuously  to  insure 
safety,  and  the  hand  lanterns  for  signalling  must  be  reliable. 
No  small  amount  of  the  work  done  at  Altoona  has  been  done  in 
connection  with  adulterations  in  oils.  We  have  kept  pace 
with  every  modification  that  would  enable  us  to  detect  adultera- 
tion, and  have  found  Maumene's  test  of  very  great  value,  because 
of  its  simplicity,  its  rapidity  of  application,  and  the  constancy  of 
the  results  obtained. 

There  are  two  serious  defects,  however,  in  all  the  tests  that  I 
have  ever  seen  proposed  for  detecting  adulterations  in  oils.  These 
are  :  First,  none  of  the  proposed  methods  are  based  on  any  char- 
acteristic reactions  of  any  given  oil  so  that  although  we  may  be 
able  to  say  that  a  sample  of  oil  submitted  to  us  is  not  pture,  we 
are  unable  to  say  what  other  oil  it  is  adulterated  with.  The 
second  defect  is  that  owing  to  this  lack  of  characteristic  reac- 
tions and  to  the  peculiarities  of  the  proposed  method,  mixtures 
of  various  oils  can  be  made,  which  mixtures  will  give  the  same 
results  under  the  tests  as  a  pure  sample  of  another  oil.  For  ex- 
ample, it  is  quite  easy  to  make  such  a  mixture  of  olive  and  cot- 
tonseed oils  that  the  rise  in  temperature  obtained  by  Maumen^'s 
test  will  be  the  same  as  is  characteristic  of  pure  lard  oil.  And 
the  same  may  be  said  of  the  iodine  test,  etc.  So  far  as  our 
knowledge  goes  we  still  lack  a  means  of  identifying  the  charac- 
teristic oil  that  may  be  present  as  an  adulterant  in  another,  and 
also  we  still  lack  an  absolute  means  of  saying  positively  that  a 
sample  of  an  oil  is  not  a  pure  one. 


sarnstr6m*5  method  op  determininq  hanqanese 

in  iron  ore5. 

By  C.  T.  Mzxbx  and  H.  W.  DuBoib. 
Received  Febnaary  15.  1196. 

ABOUT  a  year  ago  we  had  occasion  to  use  a  volumetric 
method  which  would  allow  the  determination  of  manga- 
nese in  iron  ores  ranging  in  amounts  up  to  fifteen  per  cent,  and 
give  results  in  half  an  hour  which  would  check  with  gravimetric 
determinations  within  two-tenths  per  cent,  for  ores  as  high  as 
fifteen  per  cent.,  and  within  a  few  hundredths  of  a  per  cent,  for 
ores  under  one  per  cent. 

We  found  in  use  in  a  neighboring  laboratory  a  method  which 
was  generally  known  as  the  "Swedish  Method."  This  method 
was  found  to  fulfill  the  above  conditions,  and  seems  to  have  suf- 
ficient merit  to  be  more  widely  known. 

The  first  suggestion  upon  which  the  method  is  based  was 
made  by  Guyard,'  although  his  method  of  operating  it  did  not 
give  very  satisfactory'  results. 

The  first  description  of  the  method  in  its  present  practicable 
form,  was  made  by  C.  G.  Sarnstrom,  in  the  Jemkontorets  Ann- 
aler,  (Sweden),  1881,  p.  401.* 

The  principle  upon  which  this  method  depends,  is  the  reac- 
tion which  takes  place  when  a  manganese  compound  higher  in 
oxygen  than  the  manganous  state,  is  dissolved  in  hydrochloric 
acid,  forming  a  higher  chloride,  which  is  readily  shown  by  the 
dark  colored  solution.  When  this  solution  is  boiled,  it  rapidly 
decolorizes,  being  completely  converted  into  manganous  chloride, 
not  easily  oxidized  by  the  air  while  in  the  acid  solution. 

In  neutral  or  alkaline  solutions  the  manganous  compound  has 
a  slight  tendency  to  oxidize  in  contact  with  the  air,  but  we  have 
never  detected  any  appreciable  oxidation  under  the  conditions 
which  we  follow. 

The  separation  of  the  iron  and  the  manganese  is  effected  in 

^Guyard:  Ckem  A'nvs,  Z.  292 ;  the  following:  references  relate  to  the  subsequent 
modifications  of  the  method;  Habich  :  Ztsciir.  anal.  CAetn..  2%  A7A:  Wiukler:  Ztschr. 
anal,  Ckrmi.,  3,423  ;  Morawski  und  Stinfrl :  J.prakt.  Chfm.  (N.  F.).  x8,  96;  Volhard  :  Ann. 
Ckem.  (Liebig).  X9«.  318. 

>  Also  published  in  Berg  und  Hiittenm.  Zeilung^^o,  425.  A  review  of  the  original 
article  appears  in  the  Ztschr.  anal.  Chrm.^  as,  84.  We  are  indebted  to  Mr.  Hugo  Carls- 
•on.  Chief  Chemist  of  the  Johnson  Works  of  Lorain,  Ohio,  for  calling  our  attention  to 
SamatrOm's  original  publication  and  for  furnishing  us  a  translation  of  the  same 
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such  a  waj-  that  the  iron  is  precipitated  as  hydroxide  and  the 
manganese  left  in  the  manganous  condition  in  solutioa  Sodium 
carbonate  is  used  to  precipitate  the  iron  as  hydroxide  and  no 
trouble  is  experienced  in  the  precipitation  of  the  manganese  as 
a  carbonate,  provided  that  only  a  very  slight  excess  is  employed 
beyond  that  necessar>'  to  completely  precipitate  the  iron.  It  is 
advisable  to  add  the  sodium  carbonate  in  the  form  of  a  solution, 
towards  the  completion  of  the  precipitation  of  the  iron,  to  avoid 
such  an  excess. 

Sarnstrbm  employs  sodium  bicarbonate,  which  hasthe  advan- 
tage that  a  greater  amount  of  carbon  dioxide  is  generated,  pre- 
venting subsequent  oxidation  of  the  manganous  salt  by  the  oxy- 
gen of  the  air.  Manganese  bicarbonate  is  formed,  which  is 
readih'  soluble  in  the  solution  containing  carbon  dioxide. 

It  is  always  desirable  to  test  the  sodium  carbonate  or  bicar- 
bonate for  organic  matter. 

The  results  given  below  show  the  necessity  of  avoiding  an 
excess  of  sodium  carbonate  (the  same  is  true  of  the  bicarbonate) 
in  the  precipitation  of  the  iron.  Aliquot  portions  of  a  solution 
of  manganese  containing  3.14  per  cent,  manganese  gravimetric- 
ally  determined,  gave  only  2.61  per  cent,  when  treated  with 
such  an  excess.  Another  ore  giving  8.69  per  cent,  under  the 
proper  conditions  of  this  method,  when  treated  with  an  excessof 
sodium  carbonate  gave  5.38  per  cent. 

A^fter  the  precipitation  of  the  iron  in  the  hot  solution,  the 
manganese  being  in  the  manganous  state,  is  oxidized  by  potas- 
sium permanganate,  according  to  the  following  formula, 

3MnO+  2KMnO,  +  H,0  =  2KOH  +  sMnO,, 

which  is  the  same  reaction  which  takes  place  in  Volhard's 
method.  As  the  titration  takes  place  directly,  without  filtering, 
the  precipitate  of  ferric  hydroxide  is  an  advantage,  especially  in 
low  manganese  ores»  as  it  serves  to  collect  the  fine  precipitate  of 
manganese  dioxide  and  causes  it  to  settle  more  rapidly. 

In  ores  very  low  in  iron,  it  is  desirable  to  add  ferric  chloride 
in  order  to  obtain  the  requisite  amount  of  the  iron  precipitate. 

The  Method, — Weigh  half  a  gram  ore  into  a  No.  o  beaker, 
add  fifteen  cc.  of  hydrochloric  acid,    i.i  sp.   gr.,  and  boil  until 
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the  residue  is  clear.  If  necessary  fuse  the  residue  with  sodium 
carbonate.  Add  a  few  drops  of  nitric  acid  to  oxidize  any  fer- 
fous  iron  or  organic  matter.  In  magnetic  ores  more  of  course 
will  be  necessary.  It  is  well  to  test  for  ferrous  iron.  Evaporate  a 
short  time  to  expel  any  nitrous  acid  that  may  have  been  formed. 
It  is  advisable  to  have  a  good  amount  of  free  hydrochloric  acid 
present  to  generate  carbon  dioxide  in  the  precipitation  with 
sodium  carbonate.  The  solution  is  then  washed  into  a  No.  3 
beaker  or  a  flask,  which  is  then  filled  about  two-thirds  full  with 
boiling,  distilled  water  and  solid  sodium  carbonate  or  bicarbon- 
ate added  until  the  iron  is  completely  precipitated,  which  is 
readily  indicated  by  the  characteristic  spongy  appearance  of  the 
precipitated  ferric  hydroxide.  A  solution  of  the  salt  is  prefera- 
ble for  the  final  precipitation  in  order  to  avoid  an  excess. 

The  solution  should  be  about  80*  C.  when  it  is  titrated*  with 
potassium  permanganate  directly,  without  filtering,  and  with 
intervals  of  vigorous  stirring  and  settling  of  the  iron  and  man- 
ganese precipitates,  until  the  supernatant  liquid  shows  a  per- 
manent faint  pink  color.  The  first  appearance  of  the  pink  color 
must  not  be  taken  as  an  indication  that  the  oxidation  is  com- 
plete, as  gentle  heating  and  vigorous  stirring  will  allow  more 
potassium  permanganate  to  be  added  before  the  permanent  pink 
appears.' 

Multiplying  the  burette  reading  by  two  represents  the  equiva- 
lent for  one  gram,  and  this  multiplied  by  the  permanganate 
value  in  manganese,  which  is  the  iron  value  multiplied  by 
0.2946,  gives  the  percentage  of  manganese. 

In  case  of  overtitration,  it  is  practicable  to  titrate  back  with 
a  carefully  standardized  solution  of  manganous  chloride,  which 
is  prepared  by  evaporating  fifteen  cc.  potassium  permanganate 
down  to  three  or  four  cc,  adding  a  few  drops  of  hydrochloric 
acid  and  boiling  as  long  as  chlorine  comes  off.  The  solution 
should  be  neutralized  with  sodium  carbonate  and  diluted  to  ten 
cc.,  when  one  cc.  is  equal  to  one  cc.  of  potassium  permanganate. 

Samstrom  states  that  the  method  is  reliable  for  high  manga- 

1  Which  Khould  be  done  immediately  after  the  neatralixation,  in  order  to  avoid  any 
opportunity  lor  oxidation. 

>Thit  is  a  very  important  point  not  only  in  relation  to  thia  method,  bat  in  all 
ncthods  where  potaaaium  permanganate  is  used. 
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nese  ores  and  ferro-mauganese  "where  it  is  not  necessary  to 
determine  the  manganese  closer  than  a  few  tenths  d  one  per 
cent." 

Our  experience  does  not  confirm  this.  The  results  average 
from  one  to  two  per  cent,  too  low,  so  that  we  do  not  consider 
the  method  at  all  reliable  for  high  percentages  of  manganese. 

The  follov^ing  are  some  results  which  show  this  : 

Grmvimetric 
SftriMtrSm.  (Pord't ) 

Per  cent  Per  cent. 

Illiuois  Ore 52.06(1)  52.98 

51.91  (a) 

^ 51.40  (3) 

5178  (4) 

5137  (5) 

""  51.37  (6) 

No.  595 42.07  .... 

42.3s  44.3 

43.90  .... 

42>6o  .... 

In  analyses  from  No.  i  to  No. 4  sodium  carbonate  was  used 
for  the  precipitation.  To  determine  whether  the  employment  of 
sodium  bicarbonate  would  be  advantageous,  No.  6  was  so  treated 
while  at  the  same  time  No.  5  was  precipitated  with  sodium  car- 
bonate, yielding  the  same  result.  We  have  tried  sodium  bicar- 
bonate with  low  manganese  ores,  but  have  never  noticed  any 
practical  advantages,  while  theoretically,  as  we  have  pointed  oat 
above,  there  should  be  an  advantage  in  the  employment  of 
sodium  bicarbonate. 

This  discrepancy  with  high  percentages  of  manganese  may 
possibly  be  accounted  for,  by  the  fact  that  the  large  precipitate 
of  manganese  dioxide  may  act  in  a  purely  mechanical  way  in  pro- 
tecting the  final  amounts  of  the  manganous  chloride  from  being 
fully  oxidized  to  dioxide  by  the  potassium  permanganate.  It  is 
to  be  noted  in  this  connection  that  Volhard's  method  does  not 
generally  give  reliable  results  with  such  high  percentages  of 
manganese. 

The  following  are  some  results  obtained  b}'  this  and  other 
methods : 
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8&mstr6m. 

A.  Magnetic 0.07 

Specular 

B.  Mixture  of  blue  ^  0.30 
granular  and  red  >  •  •  0.32 
hematite.             j  0.28 

C.  Limonite 1.03 

1.05 

D.  Siliciouft  ore 2.98 

307 

Cary  Empire 3.93 

16.04 
Dexter  No.  2 <  6.02 

(6.01 
Davis  ore 8.78 


Volh«rd-               Gravimetric. 

o.io                     0.07 

0.08"                        .  ... 

0.31                          0.29 

0.29                         0.30 

I.03                             1.09 

1.05 

3.08                            2.93 

3.07 

T.  V.  Church 

[3.94 

Illinois  Steel  Co  • 

... 
6.02 

•  •  • 

6.01 

•  •  • 

8.62 

•  •  ■ 

8.86 

A.  G.  McKenna,          f  (Ford's) 
Duquesne  Steel  Works»  \  1.50 

5.39 

5.59 

•  •  • 

Newark  ore 1.48 

No.  57 5.39 

N0.218 5.59 

In  the  determination  of  small  amounts  of  manganese  this 
method  presents  an  advantage  over  Volhard's  method  in  giving 
a  more  distinct  end  reaction. 

The  method  can  be  used  for  iron  and  steel  determinations  if 
the  usual  precautions  are  taken  to  oxidize  the  carbon.  But  it  is 
not  so  well  adapted  to  these  on  account  of  the  impracticability  of 
taking  large  amounts  for  analysis. 

I«ABOaATORY  OF  MiZBB.  AND  DuBoiS, 

I8HPRMING.  Mich. 


ON  VARIOUS  nODIFICATIONS  OF  THE  PEHBERTON  VOL- 
UMETRIC HETHOD  FOR  DETERMINING  PHOSPHORIC 
ACID  IN  COnriERCIAL  FERTILIZERS. 

By  F.  p.  Veitch. 
Received  February  x8,  1896. 

IF  an  excuse  is  needed  for  adding  to  the  already  voluminous 
literature  on  the  method  as  proposed  by  Pemberton*  and 
modified  by  Kilgore,  it  is  found'  in  the  action  taken  by  the 
Association  of  Official  Agricultural  Chemists  at  their  last  meet- 
ing. The  method,  as  modified  by  Kilgore,  gave  almost  uni- 
formly excellent  results  on  known  solutions,  in  a  two  years  trial 
in  the  hands  of  a  number  of  analysts,  and  only  failed  to  become 

1  This  was  so  low  as  to  necessitate  filtering  through  asbestos  in  order  to  see  end 
reaction  by  Volhard's  method. 
9  This  Journal.  15,  382. 
S  Bui.  43,  Div.  Chem.  U.  S.  Dept.  Agr.,  104. 
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an  official  method  because  many  of  the  members  had  not  worked 
with  it. 

During  the  past  fall  the  writer  has  used  the  Kilgore  modifica- 
tion as  a  check  in  quite  a  number  of  gravimetric  determinations 
with  very  satisfactory  results.  While  this  modification  may  be 
considered  as  accurate  as  the  molybdate  for  this  class  of  work, 
at  least  on  low  percentages  and  in  careful  hands,  it  was  felt 
that  if  the  exact  time  and  temperature  elements  could  be  gotten 
rid  of,  there  would  be  a  saving  of  both  time  and  care  where  a 
large  number  of  determinations  were  to  be  made.  With  this  end 
in  view,  it  was  determined  to  study  the  following  points  : 

1.  The  method  of  filtering  and  washing. 

2.  The  time  of  standing  after  adding  the  molybdate  solution. 

3.  The  use  of  tartaric  acid  to  prevent  the  precipitation  of 
molybdic  acid. 

With  regard  to  the  first  point  it  was  found  desirable  to  use 
simply  the  paper  and  funnel,  doing  away  with  the  use  of  pres- 
sure and  filtering  twenty  at  a  time.  To  simplify  washing  the 
dilute  nitric  acid  and  three  per  cent,  potassium  nitrate  were 
omitted  from  the  washings. 

As  the  filter  paper  and  funnel  have  been  used  with  pressure 
with  satisfactory  results,  there  seems  to  be  no  objection  to  the 
use  without  pressure,  so  to  condense  the  work  as  much  as  possi- 
ble, the  subjects  were  studied  in  pairs,  as  follows  : 

A,  The  method  of  filtering  and  washing  and  the  time  of 
standing  after  adding  the  molybdate  solution. 

B.  The  method  of  filtering  and  washing,  and  the  use  of  tar- 
taric acid  to  prevent  the  precipitation  of  molybdic  acid. 

A.   THE  EFFECTS  OF  THE  METHOD  OF  FILTERING  AND  WASH- 
ING AND  THE  TIME  OF  STANDING   AFTER   ADDING 

THE  MOLYBDIC  SOLUTION. 

After  some  preliminary  work,  during  which  the  volumetric 
method,  as  carried  out  at  the  New  Jersey  Station,'  was  tried 
and  found  to  work  very  satisfactorily,  it  was  determined  to  try  the 
effect  of  standing  for  one  half  hour  and  for  one  hour  at  from 
40°-5o''C.     It  was  thought  best  to  allow  some  range  of  tempera- 

1  Bui.  43,  Div.  Chem.  U.  S.  D«pt.  Agr.,  9a. 
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ture,  as  the  care  required  to  maintain  a  constant  temperature  is 
considerable. 

The  molybdate  used  was  the  official  solution,  to  which  ten  cc. 
1.42  sp.  gr.  nitric  acid  per  cubic  centimeter  had  been  added. 
After  standing  the  required  length  of  time,  the  solutions  were 
filtered  off  without  pressure,  the  precipitates  washed  three  times 
by  decantation,  allowing  the  precipitate  to  settle  each  time  before 
decanting,  the  precipitates  then  transferred  to  the  filters,  the 
beakers  washed  out  thoroughly  and  the  precipitates  washed 
until  the  wash  water  was  neutral  to  litmus  paper,  which  required 
from  200  cc.  to  300  cc;  this  latter  amount  has  been  found  to  free 
the  precipitate  from  adhering  acid  in  every  instance.  To  feel 
sure  that  no  appreciable  amount  of  acid  was  retained  in 
the  filter,  the  washing  was  continued  in  a  number  of  cases  after 
no  reaction  was  given  with  litmus  paper,  the  washing  received 
in  clean  beakers  and  titrated  with  the  standard  solutions.  Table 
I  gives  the  amount  of  acid  removed  by  this  extra  washing  as 
expressed  in  percentages  of  P,0,. 

Tabus  I.— The  Amount  of  Acidity  Expressed  as  P^Os  Retained  in 
Precipitates  After  Washings  were  Neutral  to  Litmus  Paper. 
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These  results  show  that  when  the  washings  become  neutral  to 
litmus  paper,  the  precipitates  are  practically  free  from  acid.  It 
may  be  well  to  call  attention  to  the  fact  that  a  first-class  grade 
of  filter  paper  should  be  used,  otherwise  the  precipitate  may  run 
through  the  filter. 

In  Table  II  the  results  obtained  when  the  solutions  stood  one- 
half  and  one  hour  and  were  then  treated  as  above  mentioned  are 
compared  with  the  gravimetric. 
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Average  difference 0.102 
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From  these  results  it  appears  that  standing  as  long  as  one  hour 
before  filtering  does  not  give  results  differing  from  the  gravimetric 
more  than  the  allowance  for  duplicates  by  that  method.  These 
results  are  not  what  was  to  have  been  expected  from  Kilgore's' 
experiments  with  various  molybdates,  as  he  found  that  both  the 
official  solution  and  that   used  by  Pemberton  gave  deposits  of 

1  Bui,  43.  Div.  Cheni.  U.  S.  Dept.  Agrr..  103. 
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molybdic  acid  in  less  than  half  an  hour  when  heated  to  '60**. 
This  difference  is  possibly  explained  by  the  fact  that  the  ratio  of 
nitric  acid  to  the  molybdic  acid  in  solution  was  much  greater 
than  in  his  experiments,  due  to  the  precipitation  of  most  of  the 
molybdic  acid  by  the  phosphoric  acid  present. 

B.    THE  EFFECT  OF  THE  METHOD  OF  FILTERING  AND  WASHING 

AND  THE  USE  OF  TARTARIC  ACID  TO  PREVENT  THE 

PRECIPITATION  OF  MOLYBDIC  ACID. 

Jiipner*s'  experiments  indicate  that  the  precipitation  of 
molybdic  acid  may  be  entirely  prevented  by  the  use  of  tartaric 
acid  ;  also  that  the  higher  the  temperature  of  precipitation  the 
more  tartaric  acid  required  to  keep  the  molybdic  acid  in  solution. 

Kilgore,*  whose  results  are  published  since  this  work  was  done, 
comes  to  the  conclusion  that  the  use  of  citric  acid  for  this  same 
purpose  possesses  no  advantage  over  the  ofiScial  molybdate  solu- 
tion, to  which  ten  cc.  of  nitric  acid  per  hundred  has  been  added, 
and  requires  a  much  longer  time  for  the  complete  precipitation 
of  the  ammonium  phosphomolybdate. 

In  the  work  given  below  the  official  molybdate  solution  plus 
ten  cc.  nitric  acid  and  one  gram  tartaric  acid  per  100  cc.  was 
used.  A  very  little  work  soon  proved  that  adding  the  molybdate 
to  the  phosphate  solution  at  30"",  and  allowing  to  stand  one  hour 
at  the  temperature  of  the  laboratory,  will  not  give  satisfactory 
results,  and  standing  one  hour  at  30',  gave  very  little  better 
results,  the  ammonium  phosphomolybdate  remaining  in  solu- 
tion and  precipitating  some  time  after  running  through  the  fil- 
ter. Standing  over  night  in  the  cold,  however,  gave  excellent 
results,  on  low  percentages,  upon  which  alone  it  was  tried.  It 
was  next  determined  to  try  the  plan  of  allowing  solutions  to  stand 
at  40^-50**  for  one  hour  and  for  two  hours ;  the  results,  which 
are  in  most  instances,  comparable  with  those  obtained  by  the 
gravimetric  method,  are  given,  with  the  results  by  the  method 
of  allowing  to  stand  over  night,  in  Table  III. 

1  Abs.  Expt  Record,  6,  610. 
s  This  Journal.  17. 960. 
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Tabi^  III.— Comparison  of  Time  op  Standing,  Using  MoLtYboic 

Solution  Containing  Tartaric  Acid. 

stood  one  hour  at  4o*-5o*.  Stood  two  hours  at  40*-5o*.      Stood  over  niipht  in  the  cold. 

■So    .         oT^  "5  w    !».        o  C  "g-n    ^         oX 

^    ^  &M  £9     £^       %    ^  £i?.s  £§    a£        z    ^  £i^£  £s     a£ 

1  250  4.76  5]^  — 1.51      I  275  1.40  1.33  -1-0.07      I  200  0.99  0.92  +0.07 

2  **  2.54  2.38  +0.16      2    "  0.94  1.20  —0.26      2    "  2.14  2.16  — 0.02 

3  "   1.48  1.64  —0.16      3    "  0.65  0.50  +0.15      3    "  0-76  0.79  —0.03 

4  *•    2.41  2.57  —0.16       4    "    3.15  3.26  — o.ii  •    4    **    1.35  1.32  -1-0.03 

5  •*    4.79  ^'11  — a.oo       s     **    2.77  2.58  +0.19       5     '*    0.42  0.44  -0.0a 

6  *'  1.81  2.28  —0.47  6  "  1.58  1.50  -I-0.08  6  *'  1.70  1.65  +0.05 

7  **  1.91  1.96  —0.05  7  **  2.20  2.08  +0.12  7  **  2.81  2.88  — 0.07 

8  **  2.22  2.06  +0.06  8  "  2.49  2.42  +0.07  8  **  1. 12  1. 12      0.00 

9  **  0.72  0.69  -I-0.03  9  "  2.48  2.32  +o-i6  9  *'  1.56  1.49  -I-0.07 

10     **    0.90  ]'^l  — 0.44      10    **    2.28  2.40  —0.12      10    **    1.68  1.65  -I-0.03 
1.32 

II     **    2.18  2.39  —0.19      II     "    1. 18  1. 10  -ho.08 

12  200  2.52  2.45  -ho.07 

From  these  results  it  would  appear  that  standing  at  40®-50*  for 
one  hour  is  not  to  be  relied  on,  at  least  for  low  percentages,  the 
results  in  all  cases  being  too  low.  Standing  at  40*'-50**  for  two 
hours,  however,  tends  to  give  results  slightly  higher  than  those 
obtained  by  the  volumetric  method,  while  standing  in  the  cold 
over  night  gives  results  practically  identical  with  it. 

This  work  of  determining  the  temperature  and  time  of  stand- 
ing that  would  probably  give  the  best  results,  was  done  with 
low  percentage  solutions,  as  they  were  the  most  convenient  at 
the  time. 

The  figures  so  far  obtained  indicated  that  for  further  study 
with  the  official  molybdate  solution  containing  ten  cc.  of  nitric 
acid  extra,  standing  one-half  hour  at  40°-5o**,  was  to  be  pre- 
ferred, as  standing  for  one  hour  tends  to  slightly  high  results. 
It  is  believed,  however,  that  standing  for  one  hour  will  still  give 
results  comparable  with  results  by  the  gravimetric  method,  but 
the  precipitates  require  more  washing,  and  longer  time  is 
required  to  complete  the  determinations. 
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For  the  further  study  of  the  use  of  tartaric  acid,  standing  at 
40^-50®  for  two  hours  was  selected. 

For  this  final  comparison  of  the  various  modifications  solutions 
of  fertilizers  in  which  the  phosphoric  acid  had  been  carefully 
determined  gravimetrically  by  Mr.  W.  W.  Skinner,  were  used. 
The  samples  cover  practically  all  grades  of  commercial  fertili- 
zers, and  have  quite  a  range  in  percentage  of  phosphoric  acid. 
The  solutions  and  precipitates  in  both  modifications  were  treated 
alike  in  all  cases,  except  the  time  of  standing. 


Table  IV. — Comparison  of  Various  Modifications  with  the 

Gravimbtric. 
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14.541  14.647  0.156 

Difiference  of  averages —0.03 

In  several  instances  where  the  modified  methods  gave  decid- 
edly lower  results  than  the  gravimetric  method,  the  determina- 
tions were  also  made  by  the  Kilgore  modification,  the  results 

I  Omitted  from  averag^es. 
<  Fifteen  cc.  tnolybdate  used, 
s  Ten  cc.  molybdate  used. 
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agreeing  in  all  cases  with  the  results  b}'  the  modified  methods. 

The  results  agree  fairly  well  with  the  reported  results  by  the 
Kilgore  method,  which  averages  slightly  lower  than  the  gravi- 
metric results.  The  average  difference  by  these  modifications  is 
0.156  and  0.141  per  cent.,  and  the  average  of  the  plus  and  minus 
differences  is  0.03  and  0.106  by  the  tartrated  molybdateand  by 
the  Kilgore  molybdate  respectively. 

Only  two  results  are  noticably  higher  than  the  gravimetric, 
and  only  one  of  these  differs  by  more  than  two-tenths  per  cent. 
This  seems  to  be  due  to  the  presence  of  a  great  excess  of  molyb- 
date, as  it  will  be  noticed  that  when  less  molybdate  was  used 
the  result  was  nearer  the  gravimetric.  From  the  observation  of 
quite  a  number  of  results,  the  writer  believes  that  the  amount  of 
molybdate  added  should  not  be  more  than  enough  to  precipitate 
one  and  a  half  times  the  phosphoric  acid  found  to  be  present, 
otherwise  the  results  are  too  high. 

From  the  figures  presented  the  following  conclusions  may  be 
drawn  : 

1.  The  molybdate  ^lution,  to  which  nitric  acid  has  been 
added,  standing  one-half  hour  at  4o'*-50*',  gives  results  compar- 
ing very  favorably  with  the  gravimetric. 

2.  While  the  use  of  tartaric  acid  in.  the  molybdate  solution 
gives  good  results,  it  possesses  no  advantage  and  the  extra  time 
of  standing  makes  it  not  so  desirable. 

The  official  molybdate  plus  ten  cc.  nitric  acid  per  100  cc., 
using  the  funnel  and  paper  without  pressure  in  filtering,  and 
only  water  for  washing  is  preferred  by  the  writer  to  the  usual 
way  of  carrying  out  the  volumetric  method ;  this  admits  of  a 
better  distribution  of  the  work,  which  makes  it  in  his  hands  a 
more  rapid  method  where  a  large  number  of  determinations  are 
to  be  made. 

Laboratory  Maryland  Agricultural  College, 
College  Park,  Maryland. 
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THE  OCCURRENCE  OF  TITANIUH- 

By  Charlbs  B.  Wait. 
Received  February  is.  1896. 

IT  is  not  my  present  purpose  to  repeat  what  has  been  already 
frequently  published  relative  to  the  presence  of  titanium  in 
minerals,  typical  rocks,  meteorites,  clays,  soils,  blast  furnace 
products,  etc.  I  wish  merely  to  call  attention  to  the  fact  that 
some  of  the  bodies  with  which  we  have  much  to  do  contain 
titanium,  and  that  probably  owing  to  the  difficulties  formerly 
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experienced  in  its  estimation,  it  has  been  more  frequently  over- 
looked than  is  generally  supposed. 

In  the  recent  examination  of  food  materials,  under  the 
direction  of  the  United  States  Department  of  Ag^culture,  I  have 
had  occasion  to  make  analyses  of  the  ashes  of  some  plant  mate- 
rials, and  this  having  led  to  further  investigations,  I  was  inter- 
ested and  surprised  to  find  titanium  present  in  every  plant  ash 
thus  far  examined.  t 

This  is  in  fact  surprising,  as  it  is  stated  by  some  writers'  that 
'*it  does  not  appear  to  form  part  of  the  animal  or  vegetable 
kingdom." 

The  amount  of  titanic  oxide  found  in  the  ash  of  some  vege- 
table material  is  as  follows : 

Per  cent. 

Oak  wood 0.31 

4pple  and  p^ar  wood  mixed 0.21 

Apple    o.ii 

Cow  peas o.oi 

Cottonseed  meal 0.02 

From  the  above  determinations  we  are  reasonably  safe  in 
assuming  that  titanium  is  assimilated  by  plants.  If  this  istrue, 
it  seems  very  strange  that  reference  to  this  fact  has  not  been 
made  by  recent  writers  upon  agricultural  chemical  analysis, 
and  upon  the  chemistry  of  vegetable  life. 

In  fact,  in  consulting  treatises  on  ash  analysis  with  tables,*  I 
do  not  find  any  mention  whatever  of  the  presence  of  titanium. 
If  this  is  a  fact,  can  it  be  true  that  it  has  escaped  the  attention 
of  chemists  for  so  long  a  time  ? 

The  examination  of  the  ash  of  bituminous  and  anthracite  coal 
shows  the  presence  of  titanic  oxide.  The  results  of  some  deter- 
minations are  as  follows : 

Per  cent. 

Jellico  (Tenn. )  bituminous  coal 0.69 

Coal  Creek  (Tenn.)  bituminous  coal 0.95 

Pocahontas  ( Va. )  bituminous  coal 0.94 

Middlesborough  (Ky.)  bituminous  coal 0.83 

Pennsylvania  anthracite  coal 2.59 

1  Roscoe  &  Schorlemnier, 
s  Wolff. 
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With  reference  to  the  presence  of  titanic  oxide  in  the  ash  of 
coal,  it  may  be  fairly  assumed  that  partly  owing  to  the  infiltra- 
tion of  clay  and  earthy  materials,  it  would  be  found  there,  but 
is  it  fair  to  assume  that  its  presence  is  wholly  accounted  for  in 
that  way  ?  If  mention  has  been  made  of  the  presence  of  titanium 
in  the  ash  of  coal,  it  has  thus  far  escaped  my  attention. 

The  method  employed  in  the  above  determination  is  that  of 
A.  Weller,*  which  is  based  upon  the  fact  that  hydrogen  per- 
oxide, when  added  to  a  solution  of  titanium,  produces  a  com- 
pound of  an  intensely  yellow  color.  There  are  precautions 
necessary  in  the  execution  of  this  method  which  have  already 
been  pointed  out.* 

It  will  be  my  pleasure  to  report  additional  notes  at  an  early 
day  concerning  the  presence  of  titanium  in  the  vegetable  king- 
dom. Valuable  service  has  been  rendered  in  the  above  work  by 
Messrs.  J.  O.  LaBach  and  C.  O.  Hill. 

University  of  Tennessee. 


THE  ESTIHATION  OF  PYRRHOTITE  IN  PYRITES  ORES. 

By  Edwin  F.  Cone. 

Received  January  aa.  1896. 

SOME  of  the  American  pyrites  ores  contain  the  mineral  pyr- 
rhotite  (Fe,Sg)  in  varying  proportions.  In  the  manufac- 
ture of  sulphuric  acid  from  these  ores  it  is  found  impossible  to 
burn  out  at  least  the  greater  part,  if  not  all,  of  the  sulphur  which 
is  present  as  pyrrhotite.  In  the  estimation  of  total  sulphur  in 
the  sample  of  such  an  ore,  of  course  the  sulphur  present  as  p)rr- 
rhotite  is  included.  It  is  therefore  necessary,  in  order  to  make  a 
settlement  with  the  company  selling  the  ore  and  also  in  order  to 
figure  the  yield  of  acid,  to  estimate  the  sulphur  present  as  pyr- 
rhotite as  accurately  as  possible.  Authorities  give  no  method  to 
meet  the  conditions.  After  a  careful  investigation  of  the  mat- 
ter I  have  perfected  the  following  method  ;  I  am  indebted  to  Mr. 
Lucius  Pitkin,  of  New  York  City,  for  some  valuable  sugges- 
tions. It  is  based  on  the  fact  that  Fe^S^  is  magnetic,  pyrites 
being  non-magnetic. 

1  Ber.  d.  chem.  Ges.^  i88a. 
3  This  Journal,  13,  210. 
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Method. — After  the  ground  sample  has  been  passed  through  a 
sixty  mesh  seive,  13.74  grams  are  weighed  and  spread  out  upon 
a  good-sized  sheet  of  glazed  paper.  A  magnet  is  passed  through 
and  over  this  several  times,  the  magnetic  portion  being  care- 
full)'  separated  from  the  magnet  by  first  stroking  suddenly  the 
top  of  the  magnet,  which  dislodges  most  of  the  mechanically 
admixed  pyrites,  and  then,  secondly,  separating  the  magnetic 
portion  by  means  of  the  armature  and  a  brush.  The  process  is 
carried  out  five  or  six  times,  enough  separations  having  been 
made  to  have  reasonably  separated  all  the  magnetic  portion. 
This  is  then  finel}'  ground  in  an  agate  mortar  and  the  sulphur 
estimated  ^ravimetrically  by  oxidation  with  nitric  and  bromo- 
hydrochloric  acids.  The  weight  of  barium  sulphate  obtained  in 
grams  is  the  percentage  of  sulphur  present  as  pyrrhotite. 

The  accuracy  of  this  method  was  proved  by  the  following 
work : 

A  sample  of  ore  containing  a  known  percentage  of  pyrrhotite 
was  obtained.     It  analyzed  as  follows  : 

Per  cent. 

Total  sulphur 35-07 

*•     iron 57.50 

Oxygen  as  FegO^ 4.26 

Copper 0.25 

Insoluble  matter , 2.78 

99.86 

Sulphur  present  as  Fe7S^ 24. 14 

Iron  ••  "  Fe-Ss 36.96 

"  FeS, 9.34 

Sulphur       '•  ••  FeS, 10.68 

Iron  "         "  FesO* 11.20 

A  sample  of  pyrites  containing  no  pyrrhotite  nor  magnetic 
portion  was  then  obtained.  To  a  definite  portion  of  this  I  added 
enough  of  the  ore  containing  pyrrhotite  to -give  i  .20  per  cent  of  sul- 
phur present  as  pyrrhotite  in  the  mixtiire  ;  i.  e.,  to  fifty  grams 
of  the  pyrites  I  added  2.63  grams  of  pyrrhotite  ore,  or 

24.14  X2.63  _  J  20  per  cent,  sulphur  as  Fe,S,. 
52.63  ^  ^ 

This  mixture  was  then  analyzed  for  sulphur  pre.sent  as  pyr- 
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rhotite  by  the  method  described  above,  using  different  weights. 
Some  of  the  results  obtained  are  : 

5.00  grams  gave  0.4120  barium  sulphate  =  1. 13  per  cent,  sulphur  as  Fe,S|. 
13.74      •*  "      1. 1300      "  "  =1.13        "  "         "  FctS,. 

25.00     "  "      2.1570      •*  "  =1.18        "  *'  ••  FeA. 

Others  were  equally  concordant. 

The  method  was  also  applied  to  the  pyrrhotite,  as  mentioned 
above,  using  portions  of  one  gram  or  one-half  gram  giving 
respectively  24.13  per  cent,  and  24.15  percent,  sulphur  as  Fe,S,. 

This  method  is  accurate  to  within  two-tenth  per  cent,  on  ores 
containing  much  or  little  pyrrhotite.  The  ore  must  not  be  finer 
than  that  which  will  pass  through  a  sixty  mesh  sieve  ;  if  it  is, 
results  will  be  unreliable. 

Another  method,  which  I  used  until  the  perfection  of  this  one, 
is  based  upon  the  fact  that  Fe.S^  gives  off  hydrogen  sulphide 
with  dilute  acid,  whereas  FeS,  (pyrite)  does  not.  This  is  reli- 
able when  no  other  sulphides  are  present,  but  as  most  pyrites  con- 
tain blende  the  results  are  usually  unreliable. 

Cleveland,  O. 
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OF  the  various  evolution  methods  of  determining  sulphur  in 
pig  iron,  Drown*s  is  perhaps  the  best.  Methods  in  which 
the  sulphur  is  precipitated  in  any  other  form  but  barium  sulphate 
(cadmium  sulphide  for  instance),  are  not  so  convenient  for  the 
reason  that  the  sulphur  in  the  graphitic  residue  must  be 
determined  as  barium  sulphate.  A  slight  drawback,  how- 
ever, attaches  to  the  method  in  that  the  evolution  of  the 
gas  must  not  be  allowed  to  proceed  too  rapidly,  and  it  is  an 
object  of  this  note  to  point  out  that  by  the  use  of  potassium 
hydroxide  solution  in  conjunction  with  the  potassium  perman- 
ganate solution  as  an  absorbent  for  the  gajs,  this  caution  is  made 
unnecessary,  and  the  gas  may  be  passed  through  the  solution  as 
rapidly  as  it  is  possible  to  make  it  do  so,  without  danger  of  loss ; 
a  mixed  solution  of  caustic  potash  and  potassium  permanganate 
possessing  stronger  oxidizing  power,  than  a  solution  of  the  latter 
salt  alone.     For  there  is  a  tendency  in  such  a  mixture,  even 
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when  no  reducing  agent  is  present,  to  the  liberation  of  an  atom 
of  oxygen  and  a  reduction  of  the  potassium  permanganate  to 
potassium  manganate,  by  the  union  of  a  molecule  of  potash  with 
a  molecule  of  potassium  permanganate. 

K,O.Mn,0,  +  K,0  =  2K,MnO,  -|-  O. 

If  a  very  large  excess  of  caustic  potash  solution  be  added  to 
a  few  drops  of  potassium  permanganate  solution,  the  reduction 
to  green  potassium  manganate  will  be  seen  to  take  place  imme- 
diately. But  in  a  mixture  of  equal  or  nearly  equal  parts  of  the 
two  solutions,  the  change  is  very  slow  and  gradual,  except  a 
reducing  agent  be  present. 

Convenient  proportions  of  the  two  solutions  for  use  as  an 
absorbent  in  the  determination  of  sulphur  in  pig  iron  are  obtained 
by  using  in  each  case  six  cc.  of  a  caustic  potash  solution,  made 
by  dissolving  six  sticks  of  the  solid  hydroxide  in  350  cc.  water, 
and  six  cc.  of  a  permanganate  solution  containing  about  ten 
grams  of  the  crystallized  salt  to  the  liter  of  water. 

These  volumes  of  the  two  solutions  are  carefully  withdrawn 
from  the  bottles  containing  them  by  pipettes,  so  as  to  avoid  get- 
ting any  of  the  sediment  at  the  bottom  of  the  bottle  ;  mixed  in  a 
small  beaker,  and  drawn  into  a  Troilius  bulb,  which  is  then 
connected  with  the  evolution  flask  containing  the  drillings.  The 
solution  of  the  pig  iron  may  be  accomplished  in  five  or  ten  min- 
utes without  any  hydrogen  sulphide  passing  through  the  caus- 
tic potash  and  permanganate  solution  unabsorbed.  The  purple 
color  of  the  permanganate  gradually  changes  to  the  green  of  the 
manganate,  which  latter  solution  is  also  a  stronger  oxidizing 
agent  than  permanganate. 

Not  an  inconsiderable  convenience  also  in  the  use  of  this  mixed 
solution  is  in  the  fact  that  the  oxide  of  manganese  separating 
out  does  not  adhere  to  the  glass  tenaciously,  and  may  be  washed 
out  with  water  instead  of  requiring  to  be  dissolved  out  by  strong 
hydrochloric  acid  and  added  to  the  main  solution. 

The  next  step  in  Drown^s  method  is  getting  the  manganese 
in  colorless  solution  preparatory  to  the  precipitation  by  barium 
chloride.  This  is  accomplished  by  evaporation  to  dryness  with 
hydrochloric  acid,  and  separation  of  silica;  or  by  adding  enough 
hydrochloric  acid  to  get  the  clear  solution  by  the  aid  of  heat,  but 
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without  the  tedious  evaporation  to  dryness,  and  afterwards  neutral- 
izing the  excess  of  acid  with  ammonia.  The  writer  would  sug- 
gest the  use  of  oxalic  acid  in  connection  with  hydrochloric  acid, 
as  by  its  use  the  solution  of  the  manganese  oxides  is  effected 
almost  instantaneously  and  without  the  use  of  an  excess  of 
hydrochloric  acid,  a  very  small  amount  of  the  latter  sufficing, 
and  the  barium  chloride  precipitation  may  then  at  once  take  place. 

In  detail :  Take  3.4335  grams  of  the  pig  iron  drillings  in  a 
sixteen  ounce  gas  flask  and  connect  with  the  Troilius  bulb  con- 
taining the  mixed  solution  of  caustic  potash  and  potassium  per- 
manganate, as  described.  Pour  through  the  funnel  tube  dilute 
hydrochloric  acid  in  not  unnecessary  amount,  and  bring  quickly 
to  a  boil.  Then  push  to  a  cooler  part  of  the  plate  and  aspirate 
air  through.  A  convenient  arrangement  is  to  have  a  narrow 
upright  board  fastened  to  the  desk,  or  on  a  stand  next  to  the  fil- 
ter pump  ;  on  the  other  side  of  the  board  stands  the  iron  plate. 
This  upright  board,  standing  edgewise  to  the  plate,  is  provided 
with  nails  or  hooks  for  the  support  of  the  Troilius  bulbs  which 
are  hung  one  above  the  other.  Three  or  four  determinations 
can  be  carried  on  at  once  in  this  way  with  the  greatest  possible 
economy  of  desk  room.  The  aspirating  is  done  by  the  filter 
pump. 

Transfer  the  contents  of  the  Troilius  bulb  to  a  small  beaker, 
washing  out  with  water.  Filter  the  solution  in  the  evolution 
flask  through  a  ribbed  filter  and  wash  with  hot  water.  Then 
punch  a  hole  in  the  paper  and  wash  the  graphite  and  silica  into 
an  evaporating  dish.  Evaporate  to  dryness.  Add  thirty  cc. 
aqua  regia.  Evaporate  to  dryness.  When  dry,  add  eight  to 
ten  cc.  dilute  hydrochloric  acid.  Heat,  dilute  with  hot  water 
and  filter  into  the  solution  w^ashed  out  of  the'  Troilius  bulb. 
Bring  this  solution  then  to  a  boil,  add  enough  oxalic  acid  to 
clear  the  solution,  (a  very  little  will  suffice),  then  five  cc. 
barium  chloride  solution  and  boil  about  an  hour.  Allow  to  stand 
over  night.  The  barium  sulphate  found,  multiplied  by  four, 
will  give  the  percentage  of  sulphur  in  the  pig. 

Caustic  potash  solution  always  contains  considerable  amounts 
of  dissolved  silica  (for  instance,  in  six  cc.  the  amount  used  in 
a  determination  was  found  to  be  0.0051  gram).     But  it  is  not 
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necessary  to  separate  it,  as  a  recent  writer  in  the  Chemical  News 
has  shown  that  precipitated  barium  sulphate  is  not  contaminated 
by  silica  in  solution,  and  the  following  experiments  also  show  it. 
In  these  experiments  a  standard  solution  of  sulphuric  acid  was 
used ;  mixed  in  each  case  with  the  amounts  of  caustic  potash 
solution,  and  permanganate  solution  that  are  used  in  a  regular 
determination.  Instead  of  using  ten  cc.  of  hydrochloric  acid, 
however,  twenty  cc.  was  used,  but  afterwards  made  alkaline 
with  ammonia,  then  hydrochloric  acid  added  drop  by  drop  till 
just  acid  again,  and  the  solution  filtered  from  the  alumina 
remaining  undissolved.  Then  precipitated  by  barium  chloride. 
Also  the  excess  of  oxalic  acid  used  to  bring  the  manganese 
oxides  into  solution  was  destroyed  by  permanganate  solution 
before  the  neutralization  and  precipitation  and  the  slight  excess  of 
permanganate  by  a  piece  of  fine  iron  wire  and  stirring.  The  barium 
sulphate  found  was,  for  convenience  in  each  case,  calculated  as 
though  the  usual  amount  of  drillings  had  been  taken,  and  a 
regular  determination  had  been  made. 

Sulphur  taken.  Sulphur  found. 

Per  cent.  Per  cent. 

No.  1 0.237  0,22fi 

'*     2 O.I2I  0.II9 

•*    3 0.057  0.057 

**     4 0.029  0-033 

To  note  the  effect  of  precipitating  in  a  strongly  acid  solution, 
and  one  which  therefore  required  no  filtration  from  alumina 
before  precipitating,,  the  following  tests  were  made  as  before, 
but  with  ammonia  added  to  leave  five  cc.  of  free  hydrochloric 
acid  at  time  of  precipitation,  (excess  of  oxalic  acid  again 
destroyed). 

Sulphur  taken.  Sulphur  found. 

Per  cent.  Per  cent. 

Ko.  I o.iai  0.112 

**    2 0.121  0.114, 

**     3 0237  0-234 

**    4 0-057  0.054 

*'    5 0.029  0.029 

"    6 0.014  o.oio 

*'     7 0.029  0.028 

*<    8 0.029  0.026 

'*      9 0.014  O.OIO 
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These  results  show  a  very  marked  tendency  to  lowness.  The 
following  were  then  made,  using  ten  cc.  of  hydrochloric  acid  for 
solution  of  the  manganese  oxides  (together  with  oxalic  acid,  the 
excess  of  the  latter  however,  afterward  destroyed  by  adding 
permanganate  solution),  and.  without  any  after  neutralization 
with  ammonia  whatever,  the  solution  therefore  containing  aver 
five  cc.  of  free  acid,  but  no  ammonium  chloride. 


Sulphur  taken. 
Per  cent. 

No.  1 0.014 

2 0.029 

3 0.121 


i< 


II 


Sulphur  found. 
Per  cent 

0.014 

0.029 

0.115 


At  this  point  it  was  thought  well  to  also  try  the  effect  of  oxalic 
acid  upon  the  precipitation.  It  was  feared  it  might  have  a  sol- 
vent action  upon  the  barium  sulphate,  especially  in  strongly  acid 
solutions.  In  other  respects  the  conditions  were  the  same  as  in 
the  series  immediately  preceding — ^ten  cc.  hydrochloric  acid,  no 
ammonia,  etc.,  but  excess  of  oxalic  acid  not  destroyed. 


Sulphur  taken. 
Per  cent. 

No.   1 0.014 


0.029 

0.I2I 

0.029 

0.060 

0.090 

7 0-045 

8 0.060 


2< 

3' 

5' 
6. 


9 
10. 

12. 
13- 


0.090 
0.029 
0.014 
0.121 
0.237 


Sulphur  found. 
Per  cent. 

0.014 

0.029 

O.I  18 

0.029 

0.059 

0.090 

0.046 

0.060 

0.090 

0.029 

0.014 

O.I  19 

0,239 


Prom  these  results  it  would  seem  that  the  oxalic  acid  helped 
rather  than  hindered  the  precipitation  of  barium  sulphate. 

To  see  if  there  was  any  tendency  of  barium  oxalate  to  precipi- 
tate, a  test  was  made  under  conditions  identical  with  No.  13, 
except  that  the  solution  was  neutralized  with  ammonia  till 
merely  faintly  acid  before  precipitating.  Result  0.239  percent., 
or  just  the  same  as  in  the  strongly  acid  test.  Showing  no  ten- 
dency of  barium  oxalate  to  precipitate. 


«c 
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Again,  in  standard  solution  equivalent  to  0.121  per  cent, 
taken,  ten  cc.  hydrochloric  acid  added,  brought  to  a  boil,  and 
precipitated  with  barium  chloride.  Result  o.  1 19  per  cent.  Then 
the  test  repeated  twice  with  addition  of  oxalic  acid.  Results, 
No.  I,  0.120  per  cent. ;  No.  2,  0.120  per  cent. 

Thinking  perhaps  good  results  could  also  be  obtained  by 
allowing  the  precipitated  barium  sulphate  to  stand  only  one 
hour  before  filtration,  the  following  tests  were  made  (ten  cc. 
hydrochloric  acid,  no  ammonia,  excess  of  oxalic  acid  not 
destroyed) . 

Sulphur  taken.  Sulphur  found. 

Per  cent.  Per  cent. 

No.  1 0.029  0.024 

"     2 0.014  0.007 

**     3 0.029  0.023 

"     4 0.121  0.115 

5 0.060  0.056 

6  •  •  •  • 0,045  0.041 

Showing  that  one  hour's  standing  is  not  sufficient.  But  the 
loss  seems  so  uniform  that  in  cases  of  hurry  it  would  be  perhaps 
safe  to  allow  only  one  hour  for  standing,  making  afterward  a 
correction  in  the  result  of  0.005  P^r  cent. 

It  is  important  to  make  a  blank  or  dummy  test  with  the 
reagents  used.  In  this  test  use  double  the  reagents  and  precipi- 
tate in  nearly  neutral  solution. 

In  the  regular  determinations  also  precipitations  may  of  course 
take  place  in  nearly  neutral  solutions  if  so  desired,  and  as  is 
usually  recommended.  The  results  of  the  second  series,  how- 
ever, may  perhaps  be  taken  as  a  warning  against  the  presence 
of  ammonium  chloride  in  strongly  acid  solutions,  and  the  ammo- 
nia should  therefore  be  added  to  near  neutralization  if  used  at 
all. 

In  filtering  off  the  barium  sulphate  it  is  not  advisable  to  use 
a  rapid  filtering  funnel,  as  barium  sulphate  equal  to  0.002  or 
0.003  per  cent,  is  more  than  likely  to  pass  through  the  filter 
paper  and  escape  notice  in  the  filtrate,  except  the  liquid  be 
stirred  in  such  a  way  as  to  collect  it  together  in  the  middle  of 
the  bottom  of  the  beaker.  When  hydrochloric  acid  is  spoken  of 
in  this  article  the  dilute  acid  (eqt^al  parts  water  and  acid)  is  meant. 


NOTE. 

A  New  Specimen  Bottle.* — There  are  several  reasons  why  glass- 
stoppered  bottles  are  not  well  adapted  for  small  specimens.     The 
neck  and  stopper  form  an  awkward  looking  cover  to  the  specimen. 
The  neck  isusuallytoosmallin  proportion  to  the  width  of  the  bot- 
tle, and  as  a  specimen  is 
not   intended  to  he  taken 
out  of  its  receptacle,  the 
stopper  and  ground  neck 
.are     inappropriate.      But 
the  chief  objection  to  their 
use  is  their  cost. 

The  form  which  I  have 
found  to  be  very  practical 
consists  of  a  tube  with  a 
rounded  top  provided  with 
8  flanged  base.  This  form 
is  pleasing  to  the  eye,  ex- 
hibits the  whole  of  the 
specimen,  is  not  easily  up- 
set, is  air-  and  moisture- 
tight,  and  is  low  priced. 

In  filling  the  tube,  it  is 
inverted,  and  when  enough 
of  the  specimen  has  been 
put  in,  a  cylindrical  (not 
conical  cork)  is  pushed  in. 
When  the  specimen  does 
not  pack,  or  when  but  few 
crystals  are  placed  in  the 
tube,  it  is  well  to  paste  a 
disk  of  white  paper  in  the 
top  of  the  cork,  so  as  to 
conceal  it  from  sight.  In 
the  case  of  colorless  crys- 
tals, glazed  black  paper 
FDLL  swE.  gives  a  better  effect.     The 

I  Rc*d  before  the  New  Voik  Seclion,  October  4. 1B95. 
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cork  should  be  driven  in  so  as  to  leave  about  one-sixteenth  of 
an  inch  space  below  the  jointure  of  the  tube  and  the  flange. 
Melted  paraffin  is  then  poured  in.  A  layer  a  quarter  of  an  inch 
thick  is  quite  enough  to  exclude  air  and  moisture  and  to  her- 
metically seal  the  tube.  If  desirable,  the  whole  space  of  the 
base  may  be  filled  with  paraffin,  and,  when  cool,  the  wax  may 
be  pared  down  flat  with  a  knife  long  enough  to  touch  both 
sides.  The  addition  of  a  little  lampblack  to  the  paraffin  makes 
a  better  effect.  The  label  is  then  put  on.  It  should  be  long 
enough  to  give  a  slight  lap  and  wide  enough  to  cover  the  cork. 
The  top  of  the  cork  should  be  just  level  with  the  edge  of  the 
label.  The  inside  of  the  base  flange  may  be  painted  with  black 
varnish,  or  it  may  be  made  of  black  or  colored  glass. 

The  flanged  base  prevents  the  tubes  from  touching  each 
other,  and  thus  shows  off  the  samples  very  effectively.  It  is 
well  to  arrange  the  shelves  in  stairs.  The  steps  may  be  three 
inches  wide  and  two  and  a  half  inches  high.  The  rows  should 
be  alternate,  so  that  the  labels  of  each  row  but  the  first  may  be 
seen  between  the  tubes  of  the  row  in  front  of  it. 

When  a  small  amount  or  a  single  crystal  of  a  specimen  is  to 
be  exhibited,  a  good  effect  can  be  produced  by  thrusting  a  cop- 
per wire  into  the  cork  and  twisting  the  other  end  into  a  circle 
about  half  an  inch  in  diameter.  On  this  is  placed  a  three-fourths 
of  an  inch  watch  glass,  and  in  this  the  specimen.  The  stalk  of 
the  support  should  be  about  two  inches  long.  Other  modifica- 
tions will  naturally  occur  to  any  one. 

As  the  operations  involved  in  making  these  specimens  are 
few  and  simple,  their  cost  is  low  in  comparison  with  the  ground 
glass-stoppered  bottles.  Whitall  and  Tatum  make  the  size 
represented  in  the  cut  for  $7.00  a  gross  in  four  gross  lots,  which 
is  a  shade  less  than  five  cents  a  piece.  I^arger  or  smaller  sizes 
can  be  furnished  at  proportional  prices. 

Peter  T.  Austen. 
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ERRATA. 

On  page  223  (March  number)  under  solution  number  3,  in- 
stead of 

Water 115  cc. 

read 

Water 190  cc. 

and  instead  of 

Phosphoric  acid  1.40  sp.  gr. 315  cc. 

read 

Phosphoric  acid  i  .4  sp.  gr 340  cc. 
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HYDROFLUORIC  ACIDJ 

By  Karl  P.  Stahl. 

Received  March  10. 1896. 

HYDROFLUORIC  acid  is  always  made  by  decomposing 
ground  fluorspar  with  sulphuric  acid  in  cast  iron  vessels 
and  absorbing  the  resulting  fumes  of  hydrofluoric  acid  in  leaden 
vessels  of  varying  construction,  containing  more  or  less  water, 
according  to  the  strength  desired. 

The  commercial  acid,  containing  forty  to  fifty-two  per  cent, 
hydrofluoric,  is  stored  and  shipped  in  lead  vessels,  or  small 
quantities  in  gutta  percha  bottles.  Weaker  acid,  of  about 
thirty-five  per  cent,  and  less,  can  be  stored  for  a  limited  time  in 
wood  and  is  sometimes  shipped  in  barrels,  usually  oil  barrels. 
In  this  country  the  so-called  '*  chemically  pure"  acid  is  packed 
in  ceresine  bottles,  which  answer  very  well,  but  must  be 
kept  away  from  the  Bunsen  burner,  as  the  melting  point  of  the 
ceresine  is  low.  In  Europe  the  C.  P.  acid  is  shipped  either  in 
gutta  percha  or  platinum  bottles,  but  the  acid  takes  up,  in  course 
of  time,  mineral  and  organic  matter  from  the  gutta  percha  and 
ceases  to  be  C.  P.  Platinum  bottles  are  the  best,  but  require  a 
heavy  investment. 

The  impurities,  which  can  hardly  be  avoided  in  manufactur- 
ing commercial  hydrofluoric  acid,  and  are  therefore  always 
present,  are : 

I .  HydrofinosUicic  Acid. — This  is  the  most  important  impurity, 

1  Abstracted  from  a  lecture  before  tbe  chemical  section  of  the  Engineers  Society  of 
Western  Pennsylvania,  at  Pittsburgh,  February  aSth,  1896.  Communicated  by  the 
author. 
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not  because  it  does  any  direct  harm  in  the  application  of  the 
acid,  but  because  the  fluorine  combined  with  silica  is  perfectly 
useless.  The  source  of  the  hydrofluosilicic  acid  is  free  or  com- 
bined silica  in  the  fluorspar,  which  is  all  dissolved  and  volatilized 
by  the  hydrofluoric  acid.  It  seems  almost  impossible  to  obtain 
spar  free  from  silica.  American  ground  fluorspar  contains 
usually  about  one  and  a  half  per  cent. ;  samples  of  English  spar, 
which  I  have  tested,  were  even  higher  in  silica,  about  three  per 
cent.,  while  six  samples  of  German  spar  contained  from  one- 
tenth  to  seven-tenths  per  cent,  silica.  In  the  rapid  determin- 
ation of  silica  in  fluorspar  an  analytical  problem  presents  itself, 
which  I  have  not  yet  solved  to  my  satisfaction.  I  use  the 
following  extremely  simple  method  : 

One  gram  of  ground  fluorspar,  in  a  platinum  dish,  with  a  small 
platinum  spatula,  is  dried  at  about  i30°C.,  weighed  exactly,  mois- 
tened with  hydrofluoric  acid,  stirred  with  a  spatula,  evaporated  to 
dryness  on  the  water-bath  ;  this  is  repeated,  then  dried  again  at 
130**  C,  and  weighed.  The  difference  I  assume  to  be  silica, 
which  is  only  correct  when  free  silica  is  present,  but  the  spar 
maiy  contain  silicates,  for  instance  clay;  in  that  case  a  fluoride  of 
aluminum  would  be  formed,  part  of  the  weight  of  the  silica 
would  be  replaced  by  the  weight  of  the  fluorine  retained  and  the 
silica  be  found  too  low.  If  carbonates  are  present  the  error 
would  not  be  great,  for  instance, 

CaCO,  (100)  would  give  CaF,  (78), 

and  the  silica  be  found  too  high.  The  presence  of  carbonate  is, 
however,  easily  detected,  and  the  carbonate  can  be  removed 
with  acetic  acid.  Galena  is  often  present  in  small  quantities 
and  gives  the  spar  a  grayish  or  bluish  color,  in  that  case 

PbS  (239)  would  give  PbF,  (245), 

an  error  that  would  not  be  perceptible.  This  simple  method,  to 
which  any  careful  boy  can  be  drilled  in  a  short  time,  is  therefore 
likely  to  give  quite  accurate  results. 

The  great  damage  done  by  silica  in  the  spar  is  plainly  shown 
by  the  following  equation  : 

(I)    SiO,  +  3CaF,  +3H,S0,  =  SiF,(HF),  +  3CaSO,  +  2H,0. 

60  234  294  144  408  36 
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For  every  patt  of  silica  about  four  parts  of  fluorspar  and  five 
parts  of  sulphuric  acid  are  wasted,  or  expressing  it  in  money 
value,  for  every  per  cent,  of  silica  at  least  ten  per  cent,  (four  per 
cent,  for  spar  and  about  seven  per  cent,  for  sulphuric  acid) 
should  be  deducted  from  the  value  of  the  spar. 

2.  Sulphuric  Add,  which  is  distilled  over  in  small  quantities 
out  of  the  decomposing  vessel,  does  no  harm  in  the  application 
of  the  hydrofluoric  acid  for  etching  glass  or  pickling  iron.  But 
in  analyzing  the  acid  it  must  be  determined,  otherwise  it  would 
be  figured  as  hydrofluoric  acid. 

On  evaporation  and  calcining,  commercial  acid  should  leave 
but  a  trace  of  non-volatile  matter. 

About  five  years  ago,  having  made  some  hydrofluoric  acid  in 
an  experimental  apparatus,  I  was  confronted  with  the  inability 
to  tell  what  I  had  made ;  that  is,  I  could  not  find  a  method 
which  would  have  enabled  me  to  determine  the  composition  in  a 
reasonably  short  time. 

The  methed  of  determining  quickly  the  percentage  of  a  liquid 
by  its  specific  gravity  is  of  little  value  for  two  reasons,  first, 
because  the  methods  for  determining  the  specific  gravity  of 
other  liquids  can  only  be  used  with  modifications  for  hydrofluoric 
acid,  as  they  involve  the  use  of  a  glass  instrument  of  some  kind. 
A  glass  hydrometer  can  only  be  used  a  few  times  until  the  acid 
hasruinedit;  picnomgtersareoutof  thequestion:  even  the  temper- 
ature of  hydrofluoric  acid  cannot  be  deterniined  directh'  with  a 
thermometer,  as  soon  as  a  glass  thermometer  is  placed  into  the 
acid  the  mercury  begins  to  rise  from  the  heat  evolved  by  the 
action  of  the  acid  on  the  glass.  I  use,  therefore,  a  platinum 
hydrometer.  A  hydrometer  made  from  pure  silver  would  proba- 
bly last  a  long  time.  I  have  seen  one  made  out  of  German  sil- 
ver plated  with  silver,  but  the  hydrofluoric  acid  got  through  the 
plating  and  ate  numerous  pinholes  into  the  instrument. 

The  impurities  mentioned  above,  /'.  c,  hydrofluosilicic  acid 
and  sulphuric  acid,  influence  the  specific  gravity  of  the  hydro- 
fluoric acid  to  a  marked  degree,  so  much  that  the  determination 
of  the  .specific  gravity  of  an  acid  of  unknown  origin  is  of  little 
value,  but  for  controlling  the  process  in  the  works,  where  the 
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character  of  the  raw  materials  and  the  degree  of  purity  of  the 
produced  hydrofluoric  acid  is  known,  it  is  of  value,  provided 
the  conclusions  drawn  from  it  are  from  time  to  time  verified  by 
an  analysis.  It  will  not  do  to  depend  too  much  on  the  specific 
gravity. 

Without  taking  up  any  time  with  a  description  of  the  experi- 
ments, which  led  finally  to  the  method  I  use,  J  will  give  the  lat- 
ter in  detail. 

The  samples  are  brought  to  the  laboratory  in  lead  cylinders 
of  convenient  size,  with  a  handle.  These  are  placed  in  water  of 
1 5®  C,  often  remaining  there  for  at  least  five  minutes;  the  specific 
gravity  is  taken  ;  then  with  the  aid  of  a  small  platinum  tube, 
serving  as  a  pipette,  and  chips  of  filtering  paper,  to  remove  a 
small  excess,  three  portions  are  weighed  out : 

1.  Two  grams  in  a  very  small  platinum  crucible  (holding 
about  five  cc) . 

2.  Two  grams  in  a  large  platinum  crucible  (holding  about 
forty  cc.) 

3.  Four  grams  in  a  small  platinum  dish. 

A.   TOTAL  ACIDITY. 

Place  the  small  platinum  crucible,  covered  with  its  lid,  in  a 
large  platinum  dish  (holding  about  100  cc),  then  run,  accord- 
ing to  the  expected  percentage,  twenty-five  or  fifty  cc.  normal 
caustic  solution  (forty  grams  caustic  soBa  per  liter)  from  a 
pipette  into  the  dish,  upset  the  covered  crucible,  and  mix  the 
acid  and  alkali  with  a  platinum  stirrer ;  add  two  drops  of  a  solu- 
tion of  phenolphthalein  (i  gram  in  100  cc.  alcohol)  and  then 
add  more  of  the  normal  soda  solution  from  a  burette  till  the 
colorless  liquid  assumes  the  characteristic  bright  red  color. 
Place  over  a  Bunsen  burner  and  heat  to  about  50**  C  ;  the  red 
color  will  disappear.  Finally  add  normal  solution  from  the 
burette  slowly  till  the  red  color  remains  constant  when  heated, 
which  indicates  that  all  free  sulphuric  acid,  hydrofluoric  acid, 
and  hydrofluosilicic  acid  have  been  neutralize.  The  number  of 
cubic  centimeters  used  we  call  **  a." 

If  litmus  is  used  in  place  of  phenolphthalein,  the  soda  solution 
has  to  be  added  till  the  color  is  perfectly  blue,  but  the  end  of  the 
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reaction  is  indistinct,  while  .with  phenolphthalein  as  indicator  it 
is  very  sharp. 

B.    HYDROPLUOSILICIC  ACID. 

To  the  acid  in  the  large  platinum  crucible  (two  grams)  add 
five  cc.  water(measured  approximately),  then  slowly  about  two 
gran^s^  potassium  carbonate  either  in  small  pieces  or  in  concen- 
trated solution,  add  about  fifteen  cc.  of  fifty  per  cent,  alcohol  and 
then  as  many  cubic  centimeters  of  ninety-five  per  cent  alcohol  as 
water  used,  which  will  bring  the  whole  to  a  volume  of  about 
twenty-five  cc.  containing  about  fifty  per  cent,  alcohol,*  let  it 
stand  for  at  least  one  hour.  Filter'  and  wash  the  gelatinous 
precipitate,  consisting  of  potassium  silicofluoride,  with  fifty  per 
cent,  alcohol  till  blue  litmus  paper  ceases  to  be  turned  red  by 
the  filtrate.  Throw  the  filter  with  the  precipitate  into  a  plati- 
num dish,  add  about  twenty-five  cc.  of  water  and  warm  to  about 
50°  C,  titrate  slowly  with  normal  caustic  soda  solutioti  and 
phenolphthalein,  as  described  in  the  determination  of  total 
acidity.     The  number  of  cubic  centimeters  used  we  call  **  ^.'* 

C.    SUlrPHURIC  ACID. 

Place  the  platinum  dish  containing  four  grams  of  the  acid  to 
be  tested,  on  a  water-bath  under  a  hood  with  a  good  draft  and 
evaporate  till  acid  fnmes  have  completely  ceased  to  be  given  off. 
Titrate  the  remaining  syrupy  liquid,  which  contains  the  free 
sulphuric  acid,  cold,  with  normal  acid  solution,  using 
either  litmus  or  phenolphthalein  as  indicator.  The  number  of 
cubic  centimeters  used  we  call  '*  ^.'' 

The  reactions  involved  are  as  follows : 

(2)  HF4.NaOH  =  NaF  +  H,0. 

20  40  42  18 

1  The  amount  of  potassium  carbonate  is  calculated  to  neutralize  the  acids  only  partly. 
To  avoid  an  excess  it  is  advisable  to  test  the  liquid  with  litmus  paper,  which  should 
show  a  strong*  acid  reaction.  But  there  should  be  at  least  enough  potash  to  form  potas- 
sium silicofluoride  with  the  fluosilicic  acid.  In  analysing  acid  of  entirely  unknown 
composition  I  take  for  every  cubic  centimeter  normal  soda  solution  used  for  the  deter- 
mination of  total  acidity  0.05  gram  potassium  carbonate.  Potassium  chloride  might 
be  used  in  place  of  the  carbonate,  but  in  that  case  free  hydrochloric  acid  is  formed,  in 
which  the  potassium  silicofluoride  is  somewhat  soluble. 

sif  the  liquid  contains  more  than  fifty  per  cent  alcohol,  potassium  fluoride  is  pre- 
cipitated, if  much  less  alcohol,  potassium  silicofluoride  may  remain  in  solution. 

*  I  use  a  platinum  funnel  because  glass  funnels  are  acted  on,  but  that  does  not 
influence  the  accuracy  of  the  method. 
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(3)  SiF,(HF).+  6NaOH  =  6NaF  +  SiO,  +  4H,0. 

144  240  252  60  72 

(4)  SiF,(KF),  +  4NaOH=  4NaF+  2KF+  SiO,+  2H,0. 

220  160  168  116  60  36 

(5)  H,SO,  +  2NaOH  =  Na,SO,  +  2H.O. 

98  80  142  36 

Now  the  number  of  cubic  centimeters  of  normal  soda  solution 
used  in  the  first  titration  and  called  '*  a''  represents  the  alkali 
necessary  to  neutralize  the  hydrofluoric  acid,  hydrofluosilicic 
acid,  and  sulphuric  acid,  and  in  order  to  find  the  number  of 
cubic  centimeters  used  for  hydrofluoric  acid  alone,  we  have 
to  subtract  those  used  fpr  hydrofluosilicic  acid  and  sulphuric 
acid,  but  although  we  used  the  same  weight  (two  grams)  for 
the  determination  of  the  hydrofluosilicic  acid,  it  would  not  be 
correct  to  subtract  the  number  of  cubic  centimeters  used,  because 
in  the  potassium  silicofluoride  two  atoms  of  fluorine  are  neutral- 
ized and  we  only  neutralize  with  normal  solution  the  remaining 
four  atoms,  which  are  combined  with  silicon.  It  would  there- 
fore have  required  ^  +  ^-  cc.  to  neutralize  the  free  acid. 

Having  employed  four  grams  of  substance  for  the  determina- 
tion of  the  sulphuric  acid,  the  number  of  cubic  centimeters  used 
for  that  determination  must  be  divided  by  2.  The  number  of 
cubic  centimeters  used  for  hydrofluoric  acid  alone  are  therefore 

equal  to  a  —  (-j-  ^  +  -^)  and  as  each  cubic  centimeter  normal 
solution  indicates  0.020  gram  HF  and  two  grams  of  substance 
have  been  used,  the  number  of  cubic  centimeters  found  by  the 
above  formula  express,  without  further  calculation,  the  percent- 
age of  free  hydrofluoric  acid.     Therefore 

a  —  (-f-^H — ^)  =  per  cent,  free  hydrofluoric  acid. 
After  the  foregoing  explanation  the  calculation  of  the  percent- 
age of  hydrofluoric  acid  is  an  easy  matter.  One  cc.  normal  sodinm 
hydroxide  indicates  0.055  gram  potassium  silicofluoride,  which 
was  obtained  from  0.036  fluosilicic  acid;  having  used  two  grams 
of  substance,  0.036  has  to  be  divided  by  2  and  multiplied  by  100 
to  get  the  percentage,  or 

dX  1.8  =  per  cent,  hydrofluosilicic  acid. 
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The  percentage  of  free  sulphuric  acid  is.  obtained  by  multiply- 
ing f,  the  number  of  cubic  centimeters  used,  by  0.048,  dividing 
by  4  and  multiplying  by  100,  or 

cX  1.2  =  per  cent,  free  sulphuric  acid. 

Other  free  acids,  muriatic  or  nitric  acid,  which  influence  the 
accuracy  of  the  determination,  are  not  likely  to  occur  in  com- 
mercial hydrofluoric  acid  and  their  presence  can  easily  be 
detected  by  well-known  analytical  methods  : 

To  give  an  idea  of  the  composition  of  some  of  the  makes  of 
hydrofluoric  acid,  I  have  appended  a  few  of  the  analyses  made  in 
the  course  of  five  years  : 

I.         2.  3.  4.  5.  6.  7.  8.  9. 

Specific  gravity 1*299  1*264  1.253  1.244  1*264  1.282  1.247  1.234 

Per       Per       Per      Per      Per       Per      Per       Per       Per 

cent.     cent.     cent.    cent.    cent.     cent.    cent.     cent.    cent. 

Hydrofluoric  acid 39.6    42.2    44.3    48.1    48.6    51. i    54.2    48.6    33.5 

Hydrofluosilicic  acid*     2.7    14.9    10. i      4.7      5.0      6.8      8.1      6.3     10.6 
Free  sulphuric  acid 0.8      0.8      4.0      1.9      1.4      1.2      0.8      1.6 

1.  Oct.  1891.  Baker  &  Adamson,  C.  P.  acid  in  ceresine  bottle,  0.005  P^r 
cent,  non- volatile  residue. 

2.  Oct.  1891.    Manufactured  by  J.  C.  Wiarda,  sample  received. 

3.  Nov.  1891.  "  "  *•  '*  sample  taken  from  pack- 
age of  100  pounds. 

4.  Jan.  1892.  Manufactured  by  James  Irwin  &  Co.,  sample  of  lot  of 
3S00  pounds. 

5.  Mar.  1892.  Manufactured  by  James  Irwin  &  Co.,  sample  of  lot  of 
3400  pounds. 

6.  Jan.  1894.  Manufactured  by  Bender  &  Aldred,  sample  taken  from 
package  of  100  pounds. 

7.  Jan.  1895.  Manufactured  by  James  Irwin  &  Co.,  sample  taken 
from  tank  holding  3000  pounds. 

8.  Oct.  1895.  Manufactured  by  James  Irwin  &  Co.,  sample  taken  from 
tank  holding  3200  pounds,  0.0x5  per  cent,  non-volatile  residue. 

9.  Jan.  1896.  So-called  "pickling  acid**  sample  received  from  a  foundry. 

By  comparing  analyses  Nos.  2  and  7  it  can  be  seen  what  in- 
fluence hydrofluosilicic  acid  has  in  raising  the  specific  gravity; 
although  No.  2  has  a  higher  specific  gravity  than  No.  7,  it  con- 
tains twelve  per  cent,  less  hydrofluoric  acid,  but  six  and  eight- 
tenths  per  cent,  more  hydrofluosilicic  acid.  Nos.  3  and  6  have 
the  same  specific  gravity,  but  No.  6  contains  six  and  eight- 
tenths  per  cent  more   hydrofluoric  acid  and  three   and   there- 


422  KARL  P.   STAHL. 

tenths  per  cent,  less  hydrofluosilicic  acid.  The  influence  of  sul- 
phuric acid  on  the  specific  gravity  can  be  seen  by  comparing 
Nos.  4  and  5. 

A  great  difficulty  in  the  manufacture  of  hydrofluoric  acid  is 
the  very  disagreeable  and  dangerous  nature  of  the  gaseous  and 
liquid  acid.  The  effects  of  the  fumes  on  the  respirator}'  organs 
are  more  injurious  than  those  of  other  acids.  Still  more  marked 
are  the  effects  of  the  liquid  acid  on  the  skin.  One  drop  of  acid, 
although  it  does  not  make  itself  felt  for  a  few  hours,  will,  even 
on  the  horn}'^  skin  of  a  workman's  hand,  cause  a  very  painful 
inflammation  in  one-half  day.  Against  the  fumes  the  workmen 
protect  themselves  by  respirators,  or  by  the  simpler  way,  which 
they  usually  prefer,  of  tying  a  handkerchief  over  nose  and  mouth 
and  by  greasing  the  unprotected  parts  of  the  face  with  lanolin. 
The  latter  is  as  effective  as  vaseline  and  easier  to  wash  off. 
Against  liquid  acid  rubber  gloves  afford  protection.  If  liquid 
acid  comes  in  contact  with  the  skin  it  should  be  washed  off  at 
once  with  water  and  aqua  ammonia,  or  another  alkali,  which 
will  prevent  injury. 

In  conclusion,  I  wish  to  say  a  few  words  about  the  different 
applications  of  commercial  hydrofluoric  acid. 

The  oldest,  and  up  to  the  present  time,  most  extensive  appli- 
cation is  for  etching  glass.  For  this  purpose  it  can  be  applied 
in  three  different  ways.  In  the  gaseous  form  by  suspending  the 
articles  to  be  etched  over  a  mixture  of  fluorspar  and  sulphuric 
acid.  This  is  the  oldest  way  of  etching  and  I  believe  most 
burettes,  graduated  cylinders,  etc.,  for  laborator>'  use  are  still 
marked  in  this  way.  If  applied  in  gaseous  form  the  acid  leaves 
the  surface  opaque,  while  the  liquid  acid  leaves  the  surface 
smooth  and  transparent.  For  the  production  of  an  opaque  surface 
with  liquid  acid  many  empirical  formulas  are  published  and  every 
glass  factory,  or  rather  every  etching  boss,  has  his  own  secret 
formula.  But  they  all  aim  to  produce  a  mixture  of  hydrofluoric 
acid  with  a  fluoride  of  ammonium,  or  potassium,  or  sodium,  with 
which  a  number  of  other  substances  such  as  sulphuric,  acetic,  or 
muriatic  acids,  or  ammonium  or  potassium  sulphate,  etc.,  are 
mixed,  but  it  seems  quite  unnecessarily.  Hydrofluoric  acid 
prepared   for  etching  opaque   goes  under  the  trade  name  of 
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"  white  acid."  Lead  glass  is  verj'  rapidly  and  uniformly  etched 
and  acid  of  forty-five  to  forty-eight  percent,  is  usually  employed, 
while  lime  glass  requires  a  stronger  acid  and  more  time.  Lately, 
acid  as  strong  as  fifty-two  per  cent.  HF  is  employed. 
"White  acid*'  is  much  more  convenient  for  application  than 
gaseous  acid  and  acts  ver>'  rapidly  ;  for  instance,  a  lead  glass 
lamp  chimney  can  be  rendered  opaque  by  simply  dipping  it  into 
the  acid  for  one  minute.  Lime  glass,  even  with  acid  specially 
prepared  for  it,  requires  about  two  minutes  immersion.  It  is 
important  that  the  temperature  of  the  acid  and  the  glass  should 
be  about  15**  C.  Parts  of  the  glass  which  are  to  remain  unetched, 
must  be  protected.  For  this  purpose  a  number  of  substances 
are  in  use.  Asphaltum  varnish  is  usually  employed,  when  the 
design  is  printed  on  paper  and  then  transferred  to  the  glass ;  for 
the  so-called  needle  work  a  mixture  of  Burgundy  pitch  and 
beeswax  is  used. 

A  more  recent  application  of  hydrofluoric  acid  is  for  cleaning 
castings  from  sand.  These  have  so  far  been  cleaned,  either  by 
mechanical  means,  or  with  sulphuric  acid,  but  the  first  is  expen- 
sive and  neither  way,  in  many  cases,  satisfactory.  The  sul- 
phuric acid  loosens  the  sand  by  dissolving  the  iron  to  which  it 
is  attached,  while  hydrofluoric  acid  dissolves  the  sand  itself  and 
therefore  acts  more  promptl}'^  and  does  not  cause  any  loss  of  iron. 
It  also  dissolves  the  magnetic  oxide  formed  on  the  surface  of  the 
iron  ver}'  readily,  much  more  so  than  sulphuric  acid.  This  lat- 
ter point  is  important  for  castings,  which  have  to  be  worked 
afterwards  with  edged  tools,  the  magnetic  oxide  being  verj^  hard. 
For  cleaning  castings,  the  acid  is  diluted  to  about  one  or  two 
per  cent.  HF,  the  pickling  can  therefore  be  carried  on  in  wooden 
vessels. 

Some  of  the  firms,  who  use  hydrofluoric  acid  for  cleaning  iron, 
have  kindl}''  sent  me  reports  on  it.  The  mo.st  interesting  parts  of 
these  reports  I  will  mention  here  with  their  permission  : 

Mr.  S.  H.  Stupakoff,  Supt.  Union  Switch  and  Signal  Co., 
writes ; 

**  We  use  the  acid  in  the  proportion  of  two  and  one-half  quarts 
to  one-half  barrel  water,  containing  about  twenty- five  gallons," 
— (equal  to  one  pound  forty-eight  per  cent,  hydrofluoric  acid 
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in  thirty-five  pounds  of  water,  the  liquid  would  therefore  contain 
one  and  four  tenths  per  cent.  HF) — **  The  bath  is  filled  to  the 
top  with  castings  and  they  are  left  in  it  for  about  half  an  hour. 
We  can  renew  our  charge  by  adding  each  time  one  quart  of 
acid. 

**  We  find  that  the  hydrofluoric  acid  is  vastly  superior  to  sul- 
phuric acid,  as  the  latter  will  not  pickle  satisfactorily  in  less 
than  one  day,  and  besides  this  we  use  about  double  the  quantity 
of  sulphuric  acid  compared  with  hydrofluoric  acid  to  pickle  the 
same  amount  of  castings.^' — (as  the  quantities  given  by  Mr. 
Stupakoff  are  by  volume,  this  would  be  equal  to  one  pound  of 
ninety-three  per  cent,  sulphuric  acid  in  eleven  pounds  of  water, 
the  liquid  would  therefore  contain  eight  and  a  half  per  cent,  sul- 
phuric acid,  or  six  times  as  much  as  the  hydrofluoric  acid  bath.) 

'  *  With  the  sulphuric  acid  we  experienced  a  great  deal  of 
trouble  by  obtaining  a  white  sediment  on  the  castings,  which 
was  very  difficult  to  remove,  even  when  washed  in  hot  water. 
This  white  coating  would  frequently  work  through  the  paint, 
with  which  the  castings  were  subsequently  covered. 

*'  We  had  no  occasion  to  try  this  acid  for  cleaning  any  other 
material  but  cast  iron,  with  the  exception  of  one  instance,  when 
we  tried  to  remove  heavy  coatings  of  rust  from  a  lot  of  mixed 
material,  consisting  of  cast  iron  and  wrought  iron.  The  hydro- 
fluoric acid  did  thiis  to  perfection  and  left  a  perfectly  bright  sur- 
face. 

''I  can  say,  in  conclusion,  that  I  am  perfectly  satisfied,  that 
the  use  of  hydrofluoric  acid  for  the  cleaning  of  new  castings  and 
corroded  iron  is  certainly  a  success,  and  I  will  always  prefer  it 
to  the  old  method  of  pickling  in  sulphuric  acid.'' 

From  the  engineer  of  another  firm  I  received  the  following 
report: 

**  The  best  solution  is  one  to  thirty"  — (this  is  by  volume,  and 
the  bath  would  contain,  as  he  used  forty-eight  per  cent,  hydro- 
fluoric acid  about  two  per  cent.  HF) — **  As  we  make  no  small 
castings  of  gray  iron  I  have  only  used  the  acid  on  maleable  cast- 
ings, with  the  result  that  small  castings  are  cleaned  excellently 
in  two  hours.  I  have  also  cleaned  castings  in  a  mixture  of  one 
acid  to  fifty  water'* — (the  bath  would  contain  about  one  per 
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cent.  HF) — **  by  leaving  them  in  over  night,  but  we  prefer  to 
clean  with  the  stronger  acid.  The  pickling  vat  is  usually  filled 
np  with  castings  three  times  before  it  requires  more  acid. 

*'  It  takes  sulphuric  acid  twice  as  long  with  the  same  propor- 
tion**— (that  is,  one  to  thirty  would  give  a  solution  of  about  five 
and  six-tenths  per  cent,  sulphuric  acid) — "and  then  does  not 
eat  into  the  comers  as  well  as  hydrofluoric  acid;  also  wastes 
more  iron  and  does  not  leave  it  bright.** 

For  iron  which  is  to  be  enameled,  the  cleaning  with  hydro- 
fluoric acid  is  also  advantageous,  because  it  leaves  a  purer 
metallic  surface  than  can  be  obtained  with  other  acids. 

I  am  informed  that  a  large  firm  in  this  city  is  at  present  mak- 
ing arrangements  with  a  view  of  throwing  out  their  whole  me- 
chanical cleaning  plant,  in  which  they  have  been  cleaning  sixty 
tons  a  day. 

Hydrofluoric  acid  or  its  salts  are  also  used  in  distilleries  to 
insure  a  more  complete  fermentation!' 

The  latest  application,  of  which  I  heard  only  a  few  days  ago, 
is  for  cleaning  out  oil  and  gas  wells.  It  seems  that  the  shoot- 
ing of  a  well  sometimes  packs  the  rock  so  tightly  that  the  hole 
is  dryer  after  the  shooting  than  before.  By  pouring  about  six 
barrels  of  hydrofluoric  acid  (I  suppose  the  acid  is  used  diluted) 
into  the  hole,  which  dissolves  the  silicates  and  afterwards  is 
pumped  out  again,  gas  or  oil  get  an  outlet. 
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IN  the  spring  of  1895,  while  looking  up  the  literature  of  the 
cotton  plant,  it  was  noted  that  no  quantitative  work  could 
be  found  touching  the  question  of  nitrogen  assimilation  in  any 
member  of  the  mallow  family.  As  the  cotton  plant  is  highly 
nitrogenous  in  character  and  as  there  seemed  to  be  no  reason 
why  the  leguminoseae  should  have  a  preemption  claim  on  the 
absorption  of  free  nitrogen,  it  was  decided  to  undertake  certain 
experiments  along  these  lines,  following  Hellriegers  methods  as 
far  as  possible,  in  the  hope  that  something  of  importance  might 

1  Article  of  Dr.  I«eo  Backeland,  this  Journal,  14,  212. 
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be  discovered  concerning  the  relationships  of  cotton  to  atmos- 
pheric nitrogen.  The  conclusions  of  these  experiments,  how- 
ever, were  so  entirely  negative  that  this  hope  has  been  aban- 
doned, and  while,  perhaps,  they  have  not  disproved  the  point  in 
question  absolutely,  still  it  has  been  decided  to  put  them  on 
record  in  the  belief  that  they  afford  at  least  strong  evidence  that 
cotton  does  not  follow  the  legumes  in  this  respect. 

The  method  of  work  was  as  follows :  A  quantity  of  white  sand 
was  sifted  through  a  one  and  a  half  mm.  sieve,  heated  red  hot 
in  an  iron  pan  and  washed  first  with  ordinary  artesian  water  and 
afterwards  with  nitrogen-free  water.  Ten  grams  gave  no  nitro- 
gen when  analyzed  by  the  usual  Kjeldahl  method.  Ordinary 
flower  pots  were  used,  holding  each  about  six  pounds  of  sand. 
The  sand  had  a  water-holding  capacity  of  about  twenty-three 
per  cent.  It  was  kept  moist  to  the  extent  of  about  seventy-five 
per  cent,  of  its  maximum  capacity.  The  water  used  was 
obtained  from  artesian  water  nearly  free  from  ammonia  by  dis- 
tilling it  and  collecting  only  the  middle  third  of  the  distillate. 
It  gave  merel3'  traces  of  ammonia  with  Nessler*s  solution  when 
analyzed  in  the  usual  way.  A  number  of  cotton  seeds  were 
linted  as  thoroughly  as  possible.  The  average  weight  of  fifty- 
one  seeds  was  o.  1 1 66  gram .  Of  these,  thirty-eight  were  weighed 
accurately  and  the  weights  of  twenty  fell  between  o.  no  gram 
and  0.130  gram.  These  twenty  were  soaked  twenty-four  hours 
in  pure  water,  placed  on  moist  sand  in  a  dish,  covered  with  a 
piece  of  filter  paper,  and  the  dish  covered  with  a  glass  plate. 
As  soon  as  a  normal  germ  and  rootlets  appeared  the  seeds  were 
planted  in  the  pots,  only  those  seeds  being  selected  which 
showed  about  the  same  germinative  energy.  Before  planting, 
four  cc.  of  each  of  the  following  solutions  were  added  to  certain 
pots :  potassium  phosphate,  136  grams  to  liter  ;  magnesium  sul- 
phate, 120  grams  to  liter;  potassium  chloride,  74.5  grams  to 
liter ;  and  calcium  chloride,  70.8  grams  to  liter.  The  seeds 
were  planted  about  three-quarters  of  an  inch  deep  in  the  sand 
and  the  pots  were  covered  with  cotton  wadding  until  the  plant 
appeared.  They  were  kept  in  the  open  air  and  put  under  cover 
whenever  it  threatened  rain.  On  one  occasion  a  small  quantity 
of  rain  fell  on  the  pots.     Otherwise  they  received  only  nitrogen- 
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free  water.     The  seeds  were  all  planted  on  the  first  of  May. 

Pot  I. — No  nutriment  was  added  to  this  pot.  The  plant  was 
dead  by  May  18. 

Pot  2. — Same  as  i.     The  plant  was  dead  by  May  28th. 

The  growths  were  so  little  in  i  and  2  that  no  analyses  were 
made.  To  3,  4,  5,  6,  and  7  the  solutions  mentioned  before  were 
added.  They  were  mixed,  diluted  to  about  500  cc,  mixed  thor- 
oughly with  the  sand  in  a  porcelain  dish  and  transferred  to  the 
pot  before  the  seed  was  planted.  After  the  plants  had  been  ' 
growing  a  week  or  so,  to  5,  6,  and  7  there  were  added  twenty-five 
cc.  of  a  soil  infusion,  made  as  follows  :  A  quantity  of  earth  was 
taken  from  a  field  which  had  been  planted  in  cotton  for  ten  or 
twelve  years.  This  earth  was  mixed  thoroughly  and  200  grams 
were  shaken  with  one  liter  ol  water.  After  standing  an  hour  or 
so,  the  clear  supernatant  liquid  was  decanted.  A  nitrogen 
determination  gave  0.0002  gram  nitrogen  to  twenty-five  cc.  of 
this  liquid.  It  was  applied  by  a  pipette  to  the  roots  of  the  plant 
while  in  the  pot.  The  assumption  was  that  any  bacterial  agen- 
cies which  might  affect  the  cotton  plant  would  surely  be  present 
in  the  soil  of  the  old  cotton  field.  A  similar  method  had  proved 
efiicacious  in  innoculating  legumes. 

Pot  J. — With  mineral  food — without  soil  infusion.  The 
plant  died  about  the  last  of  May,  apparently  of  nitrogen  starva- 
tion. 

Pot  4. — Same  as  3.  The  plant  lived  until  the  close  of  June, 
but  growth  had  ceased  by  June  15.  June  27  this  plant  and 
plants  5,  6,  and  7,  were  removed  from  the  pots  and  analyzed  as 
follows :  The  sand  was  washed  carefully  from  the  roots,  the 
entire  plant  was  dried  at  100^,  and  the  nitrogen  determined  by 
the  Kjeldahl  method.  In  this  case  the  seed  weighed  0.1300 
gram.  A  series  of  analyses  had  given  3.07  per  cent,  nitrogen 
in  the  whole  cotton  seed. 

Gram. 

Nitrogen  in  seed  of  4 0.004 

Dry  matter  in  seed  of  4 0.5050 

Nitrogen  found  in  seed  of  4 • 0.0068 

Pot^. — With  mineral  food,  plus  soil  infusion. 
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Gram. 

Seed  weighed 0.1244 

In  seed  nitrogen 0.0038 

Dry  matter 0.4768 

Nitrogen  found 0.0056* 

Pot  6. — Same  as  5. 

Gram. 

Seed  weighed 0.1285 

In  seed  nitrogen •  • . . .  0.0039 

Dry  matter 0.8350 

Nitrogen  found 0.0074 

Pot  7. — Same  as  5  and  6. 

Gram. 
Seed  weighed 0.1175 

In  seed  nitrogen 0.0036 

Dry  matter 0.9664 

Nitrogen  found 0.0080 

In  all  these  instances  growth  had  stopped  before  the  plants 
were  removed  from  the  pot.  The  gain  in  nitrogen  without  soil 
infusion  was  0.0028  gram  ;  with  soil  infusion,  0.0018,  0.0035, 
and  0.0044  gram.  Apparently  it  mattered  very  little  whether 
the  soil  infusion  was  added  or  not  and  in  all  the  instances  the 
gain  was  so  inconsiderable  as  to  lie  well  within  the  limits  of 
error  of  the  experiments.  It  would  seem  therefore  that  under 
the  conditions  employed  the  cotton  plant  does  not  assimilate 
atmospheric  nitrogen. 

Chemical  LAitORATORv, 
Louisiana  State  University. 
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DETERMINATION   OF    LACTOSE  IN    fllLKS    BY   DOUBLE 

DILUTION  AND  POLARIZATION. 

By  H.  W.  Wiley  and  E.  E.  Kwell. 

Kecceivd  March  ao,  1896. 

IN  volume  6,  page  289,  of  the  American  Chemical  Journal^  one 
of  us  (Wiley)  published  an  article  on  the  determination  of 
lactose  in  milks  by  optical  methods.  The  principal  novelty  in 
this  process  was  the  substitution  of  mercuric  nitrate  as  the 
reagent  for  precipitating  proteids  in  place  of  the  other  reagents 
which  had  usually  been  employed  for  that  purpose.  By  the  use 
of  mercuric  nitrate  in  an  acid  solution,  it  was  shown  in  that 


LACTOSE   IN   MII^KS.  429 

paper  that  it  was  possible  to  practically  throw  out  all  of  the  pro- 
teid  dissolved  in  the  milk.  Inasmuch  as  these  soluble  proteids 
are  optically  active,  and  deflect  the  plane  of  polarization  in  a 
direction  opposite  to  that  produced  by  lactose,  the  presence  of 
any  notable  quantity  of  them  in  the  solution  to  be  polarized 
tends  to  diminish  the  apparent  percentage  of  lactose  present. 
The  reagent  proposed,  viz,,  acid  mercuric  nitrate,  when  used  in 
the  cold  and  in  the  quantities  specified,  produces  no  inversion 
effect  whatever  upon  the  lactose. 

In  the  paper  referred  to  an  arbitrary  correction  was  made  for 
the  volume  of  the  precipitate  produced  and  this  was  fixed  at  two 
and  five-tenths  cc,  when  approximately  sixty  cc.  of  milk  were 
used  in  a  100  cc.  flask. 

This  method  of  estimating  lactose  on  account  of  the  ease  with 
which  it  can  be  operated  and  its  accuracy  has  been  generally 
adopted  by  chemists.  Attention  has  been  called,  however,  to 
the  fact  that  the  arbitrary  correction  allowed  for  the  volume  of 
the  precipitate  is  too  small.* 

Theoretically,  it  is  evident  also  that  the  arbitrary  correction 
admitted  is  too  small  except  in  cases  of  well-skimmed  milk.  In 
order  to  eliminate  this  arbitrary  factor  from  the  method,  we 
undertook  a  series  of  experiments  to  determine  the  actual  per- 
centage of  sugar  and  the  proper  correction  to  be  allowed  for  the 
volume  of  the  precipitate  by  the'  method  of  double  dilution  and 
polarization  originally  proposed  by  Scheibler  for  sugar  solu- 
tions, and  suggested  by  Bigelow  and  McElroy  for  use  in  the 
polarization  of  milk  sugar.*  The  results  of  our  determinations 
are  extremely  satisfactory,  and  show  that  the  volume  which  is 
occupied  by  the  precipitate  in  a  milk  varies  from  two  and  a  half 
cc,,  in  the  circumstances  mentioned  above,  to  six  cc,  according 
to  the  richness  of  the  milk  in  fat.  It  appears,  however,  that  this 
correction  is  less  in  quantity  than  the  apparent  combined  volume 
of  the  fat  and  albuminoids  which  may  be  safely  assumed  to  be 
one  cc.  for  one  gram. 

All  the  flasks  which  were  employed  in  the  determinations 
were  carefully  calibrated,  and  the  instrument  used  was  the 
new  triple-field    shadow  polariscope,   made   by  Schmidt  and 

1  Analyst,  la,  64  ;  ao,  126. 
*  This  Journal.  15.  694. 
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Haensch,  which  enables  readings  to  be  accurately  made  to 
within  0.05  per  cent.  All  readings  were  made  in  duplicate  by 
each  of  us  and  entered  before  comparisons  were  made,  and  in 
the  polarizations  given  in  the  table  the  means  of  these  four  read- 
ings, which  never  differed  by  more  than  one  tenth  per  cent.,  are 
given.  The  polarizations  were  made  on  the  contents  of  a  100 
and  a  200  cc,  flask,  after  clarification  of  the  milk  by  means  of 
acid  mercuric  nitrate.  In  each  case,  double  the  quantity  of  the 
normal  weight  of  milk  for  the  instrument  used  was  taken.  The 
readings  were  calculated  by  the  formula  given  by  Scheibler, 
which  requires  that  the  reading  obtained  from  the  solution  in  the 
large  flask  be  multiplied  by  two  and  subtracted  from  the  read- 
ing obtained  in  the  small  flask.  In  all  cases,  in  order  to  sectire 
greater  accuracy,  our  readings  were  made  in  a  tube  400  mm.  in 
length.  Therefore,  the  data  obtained  in  reading  the  solution  in 
the  small  flask  were  divided  by  four  in  order  to  obtain  the 
apparent  percentage  of  sucrose. 

The  application  of  the  formula  given  by  Scheibler  does  not 
give  absolutely  accurate  results.  The  true  polarization  in  any 
given  case  is  calculated  according  to  the  following  scheme  : 

Let  X  equal  the  volume  of  the  precipitate  and  y  the  correct 
reading.     Let  a  equal  the  reading  obtained  from  the  solution  in 
the  small  flask  and  h  equal  the  reading  of  the  solution  from  the 
large  flask.     We  then  have 
200  —  X  :  100  —  X  \\  a  \  h 
200  b  —  hx^=-  100  a  —  ax 
ax  —  bx'=-  100  a  —  200  b 

x=zooi'-\^'> (,) 

a  —  a 

100  —  x  :  100  \\  y  \  a 

(a  — 2  b) 
100 —  100  -i --1  :  100  :  :y  :  a 

a  —  b  "^ 


/         a  (a  —  2  b\ 
a  (a  —  2b) 


y  =  a  — 


a  —  b 


a*  —  ab  —  a* -{- 2ab  ab  ,  v 
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The  rule  derived  from  formula  No.  2  is  as  follows : 
The  true  polarization,  as  determined  by  double  dilution,  is 
found  b}'  dividing  the  product  of  the  two  readings  made  from 
the  solutions  in  the  large* and  small  flasks  by  their  difference. 

In  order  to  test  the  accuracy  of  the  method,  known  volumes 
of  insoluble  material,  as,  for  instance,  quartz  sand,  were  added 
to  the  flasks  in  order  that  the  volume  of  the  precipitate  might  be 
increased  by  a  certain  definite  amount.  The  determinations 
were  also  made  on  the  whole  milk  as  purchased,  on  the  same 
milk  deprived  of  the  most  of  its  cream  and  on  the  cream  thus 
secured.  In  all  cases  the  results  obtained  were  perfectly  satis- 
factory. 

Blyth  has  lately  described  a  method  of  precipitating  the  casein 
with  acid  and  of  washing  the  precipitate  free  of  sugar  on  a  filter 
and  polarizing  the  filtrate.*  The  percentage  of  milk  sugar  in  the 
mixed  filtrate  and  washings  is  about  one  and  the  polariscopic 
reading  should  be  corrected  for  that  degree  of  dilution.  This 
method  evidently  is  better  suited  for  preparing  milk  whey  for 
the  gravimetric  estimation  of  the  sugar  by  copper,  since  it 
takes  no  account  of  the  albumens  still  in  solution  and  serving  to 
a  certain  extent  to  counteract  the  polarizing  power  of  the  lac- 
tose. 

In  the  presence  of  sucrose  he  proposes  to  estimate  its  quantity 
from  the  property  possessed  by  citric  acid  of  inverting  the 
sucrose  and  leaving  the  lactose  unchanged.  Raumer  and 
Spath'  suggest  that  the  polarization  of  milk  should  be  preceded 
by  boiling,  since  it  is  probable  that  the  lactose  may  exhibit 
birotation.  The  data  which  they  adduce,  however,  are  far  from 
convincing,  since  after  the  boiling  they  clear  the  mixture  with 
lead  subacetate  and  it  has  been  shown  that  this  reagent  does  not 
remove  all  the  proteids.  The  deficit  in  rotation  is  therefore 
probably  due  to  the  residual  soluble  left-handed  proteids.  They 
further  suggest  that  the  presence  of  a  dextrinoid  body,  as  indi- 
cated by  Ritthausen'  may  serve  to  increase  the  actual  rotation 
of  the  milk  sugar.     In  the  samples  which  showed  the  apparent 

1  Analyst^  ao,  122. 

3  ZUchr.  angew.  CTIum.,  1896,  72. 

%J.prakt.  Chem,  (2),  15, 348. 
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increase,  however,  they  made  no  attempt  to  prove  the  presence 
of  the  alleged  disturbing  dextrin. 

There  seems  to  be  no  jiist  reason,  therefore,  for  insisting  on 
the  slow  and  tedious  gravimetric  method  when  a  quick  and 
accurate  optical  method  is  at  hand. 

Inasmuch  as  the  time  required  for  carrying  out  the  method  of 
double  dilution  and  polarization  is  scarcely  any  longer  than  that 
required  for  a  single  polarization,  it  is  recommended  that  it  be 
done  in  all  cases,  instead  of  correcting  the  results  of  a  single 
polarization  by  any  arbitrary  factor.  When  the  determination 
is  conducted  as  suggested,  the  analyst  has  at  hand  an  easy,  rapid, 
and  accurate  method  of  estimating  milk  sugar  in  milk,  which  is 
as  desirable  in  all  respects  as  any  gravimetric  method  whatever. 
The  data  obtained  are  given  in  the  accompanying  table. 

Polarization  of  Milk  by  Double  Dilution. 

Polariza-    Polariza-  Apparent    True      True  vol-    Volume 
Per  cent,  tion  in  300  tion  in  100  per  cent,  per  cent,  ume  in  100  of  pre- 


No. 

fat. 

cc.  flask. 

cc.  flask. 

lactose. 

lactose. 

cc  flask. 

cipitate 

I 

•  •  ■  • 

9-37 

19.26 

4.82 

4.56 

94.4 

5.6' 

2 

•  •  •  ■ 

9-59 

20.33 

5.08 

4.54 

88.8 

ii.6« 

3 

•    •    a    • 

936 

19.20 

4.80 

4.57 

95.0 

5.0^ 

4 

•    •    •    • 

9.60 

20.25 

5.06 

4.56 

89.7 

10.3* 

5 

2.9 

10.15 

20.84 

5.21 

4.95 

94.8 

5.2 

6 

4.8 

10.31 

21.21 

530 

5.00 

94.5 

5-5 

7 

3.» 

9-49 

19.41 

4.85 

4.64 

95.7 

4.3* 

8 

4.0 

10.01 

20.45 

5-" 

4.90 

95-9 

4.1 

9 

1.4 

9-44 

19.26 

4.82 

4.63 

96.1 

3.9« 

10 

5-5 

11.05 

22.68 

5-67 

5.38 

94.8 

5.2 

II 

4.4 

9-57 

19-47 

4.87 

4.71 

96.5 

3.5' 

12 

2.0 

9-75 

19-93 

4.98 

4-77 

95.8 

4.2« 

13 

17.6 

8.72 

19-13 

4.78 

4.01 

82.4 

1 7.6* 

Summary  0/ Method, — For  the  scale  of  the  instrument  used, 
32.91  grams  of  pure  lactose  in  loo  cc.  give  a  reading  of  lOO. 
This  number  is  derived  from  the  following  data :  For 
sucro.se  concentration  twenty-five  grams  in  loo  cc.,[ or] "S'= 66.37. 


1  Without  sand. 

•  With  five  cc.  quartx  sand. 

5  Without  sand. 

•  With  five  cc.  quartz  .sand. 

6  Same  as  No.  6,  after  .separation  of  cream. 
A  Same  a.s  No.  8.  after  .separation  of  cream. 
1  Whole  milk. 

8  Skimmed  milk. 

•  Cream. 
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For  lactose,  thirty-three  grams  in  loo  cc,  [«]  d  =  52.53.  ;  then 
6^-37  •  52.53  '•  :  X  :  26.048,  whence  .r  =  32.91.  The  tempera- 
ture of  the  working  room  should  be  kept  at  about  20"*,  since  the 
rotatory  power  of  lactose  diminishes  in  a  small  degree  as  the  temper- 
ature rises.  Double  the  quantity  mentioned,  vt^,  ,65.82  grams  of 
milk  are  placed  in  a  100  cc  .flask,  clarified  with  mercuric  nitrate  solu- 
tion, the  volume  completed  to  the  mark,  the  contents  of  the  flask 
well  shaken,  poured  upon  a  filter,  and  the  filtrate  polarized  in  a  400 
mm.  tube.  A  similar  quantit}'' of  theniilkisplacedina200cc.  flask 
and  subjected  to  the  same  treatment.  The  polarimetric  data 
obtained  are  used  for  calculating  the  true  volume  of  liquid  in  the 
flask  and  the  true  percentage  of  lactose  and  the  true  volume  occu- 
pied by  the  precipitate,  in  accordance  with  the  rule  already  given, 
or  with  sufl&cient  accuracy  by  Scheibler's  formula.  The  acid 
mercuric  nitrate  solution  is  prepared  as  follows  : 

Dissolve  mercury  in  double  its  weight  of  nitric  acid,  specific 
gravity  1.42,  and  add  to  the  solution  five  volumes  of  water. 
This  solution  is  more  dilute  than  the  one  recommended  in  the 
original  paper,  it  having  been  noticed  that  a  stronger  solution 
colors  the  precipitated  proteid  matter  slightly  yellow  (xantho- 
proteic reaction).  Ten  cc.  of  the  reagent  are  to  be  employed 
instead  of  two,  as  directed  for  the  stronger  solution.  In  prepar- 
ing the  solution  of  milk  in  the  200  cc.  flask  it  may  be  necessary' 
at  times  to  use  more  than  this  quantity  of  the  acid  mercuric 
nitrate  in  order  to  secure  a  filtrate  entirelv  free  of  turbiditv. 

An  inspection  of  the  data  in  the  table  shows  a  general  agree- 
ment between  the  volume  of  the  precipitate  found  and  the  per- 
centage of  fat  in  the  sample  with  the  exception  of  one  instance, 
viz.,  No.  II.  It  is  evident  that  in  .solutions  so  dilute,  a  slight 
variation  in  the  volume  has  a  verj'  small  influence  on  the  per- 
centage of  sugar  found.  An  error  of  0.05  degree  in  the  reading 
of  the  dilute  solution  (200  cc.  flask)  makes  an  error  of  0.05  per 
cent,  in  the  result.  The  error  due  to  one  cc.  of  the  precipitate 
in  the  dilute  solution  is  approximately  0.05  per  cent.  It  is 
therefore  evident  that  with  proper  care  the  percentage  of  sugar 
can  be  determined  to  within  one-tenth  per  cent,  b}'  the  polari- 
metric method  and  this  is  entirely  sufficient  for  all  practical  pur- 
poses. 
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A  STUDY  OF  THE  ZIRCON ATES. 

By  p.  p.  Venable  and  Thomas  Clarke. 
Received  March  6,  1896. 

THIS  class  of  compounds  of  zirconium  has  received  but  little 
attention  ffom  chemists.  The  chief  investigator  in  the 
past  who  has  worked  in  this  field  was  Hiortdahl.*  Of  recent 
years  several  papers  by  L.  Ouvrard*  have  appeared.  The 
accounts  given  in  the  various  text  books  of  these  zirconates  are 
based  upon  the  work  of  Hiortdahl  or  upon  such  abstracts  of  it  as 
were  to  be  found  in  the  Jahresberichte,  or  in  such  dictionaries  as 
that  of  Watts.  This  is  unfortundte,  as  to  the  best  of  our  knowl- 
edge the  work  of  Hiortdahl  itself  is  in  some  respects  inaccurate 
and  erroneous,  and  the  abstracts  of  it  are  misleading.  Before 
giving  an  account  of  our  own  experiments,  it  ma}*  be  well  to 
gather  together  the  statements  regarding  these  bodies  as  given 
by  Watt  and  in  the  original  article  of  Hiortdahl. 

Watts  says  that  the  compounds  of  zirconia  with  the  stronger 
bases  are  obtained  by  precipitating  a  zirconium  salt  with  potash 
or  soda,  also  by  igniting  zirconia  with  an  alkaline  hydroxide. 
**  Zirconate  of  potassium  thus  obtained,  dissolves  completely  in 
water.  * '  His  first  mode  of  preparing  the  zirconates  is  very  ques- 
tionable ;  the  last  statement  is  not  true.  He  then  goes  on  and 
describes  zirconates  of  sodium,  calcium  and  magnesium,  as 
described  by  Hiortdahl.  The  details  of  Hiortdahl's  analyses, 
etc.,  will  show  on  what  an  imperfect  basis  the  knowledge  of  the 
constitution  of  these  bodies  rests.  Hiortdahl  states  that  he 
secured  direct  union  only  by  ignition  with  alkaline  carbonates. 
His  attempts  with  the  volatile  chlorides  failed.  On  heating  zir- 
conia with  sodium  carbonate  one  equivalent  of  carbon  dioxide 
was  driven  out,  and  it  is  on  the  loss  of  carbon  dioxide  upon 
ignition  that  his  figures  for  the  composition  of  the  resulting  pro- 
ducts are  largely  based.  On  heating  equivalent  amounts  of  zir- 
conia and  sodium  carbonate  a  crystalline  mass  was  obtained, 
which  slowly  absorbed  moisture  from  the  air.  On  treating  this 
with  water  no  decomposition  was  noted  at  first,  but  soon  the  water 
became  alkaline  and  zirconia  separated.   This  was  taken  as  proof 

1  Ann.  Chem.  Pkarm.,  137,  34,  236.     ' 

s  Compt.  Rend.,  xi3,  1444-46,  aud  X13,  ioai-22. 
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that  the  zirconia  was  decomposed  by  the  water.  In  the  experi- 
ment 0.3910  gram  zirconia  heated  with  0.3130  g^am  sodium  car- 
bonate to  a  dark  redness  for  nine  hours  lost  0.13 10  gram  carbon 
dioxide,  and  on  treatment  with  water  0.3871  gram  ** zirconia,'* 
or  99.03  per  cent,  was  left.  If  an  excess  of  sodium  carbonate  is 
used  one  can  drive  out  two  equivalents  of  carbon  dioxide.  A 
little  further  down  he  notes  that  the  **  Gewichtsverlust  zugleich 
von  der  Temperatur  und  der  Dauer  deS  Gliihens  abhangt." 
These  are  the  determinations  from  which  formulas  for  the  zir- 
couates  are  worked  out. 

It  is  scarcely  necessary  to  say  that  for  purposes  of  calculation 
these  figures  are  entirely  worthless.  The  loss  of  carbon  dioxide 
is  due  to  a  partial  formation  of  hydroxide  as  well  as  to  a  combi- 
nation with  zirconia.  The  fused  mass  of  sodium  carbonate, 
hydroxide,  zirconateand  unchanged  zirconia  will  of  course  prove 
hygroscopic,  and  water  will  wash  away  all  except  the  last  two 
mentioned.  We  have  failed  to  get  any  positive  evidence  that  a 
zirconate  formed  by  fusion  was  decomposed  by  water  or  was  ap- 
preciably soluble  in  it. 

In  his  second  paper,  Hiortdahl  treats  the  fused  mass  of  zirco- 
nia and  sodium  carbonate  with  water  acidified  with  hydrochloric 
acid  and  analyzes  the  residue,  finding  in  it:  ZrO„  78.54  per 
cent.;  Na,0,  5.40  per  cent. ;  and  H,0,  16.89  per  cent.,  corres- 
ponding to  Na^O.SZrO,.  He  gets  the  zirconate  of  magnesium 
and  calcium  by  fusing  zirconia  and  silica  with  magnesium 
chloride  and  calcium  chloride  respectively. 

Ouvrard  obtained  his  zirconates  by  fusions  with  the  chlorides, 
also  tising  those  of  lithium,  calcium,  strontium  and  barium.  In 
some  cases,  instead  of  using  zirconia,  he  took  powdered  zircons, 
obtaining  silico-zirconates. 

In  our  own  experiments  the  following  methods  of  forming  the 
zirconates  were  tried : 

I.  Fusing  in  boron  trioxide,  the  zirconia  and  the  basic  oxide 
(Ebelmen). 

II.  Fusing  zirconia  with  alkaline  carbonates,  (Hiortdahl). 

III.  Fusing  zirconia  with  alkaline  hydroxides. 

IV.  Fusing  zirconia  with  alkaline  or  earthy  chlorides  (Hiort- 
dahl). 
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V.  Precipitation  of  solutions  of  zirconium  salts  with  alkaline 
hydroxides  (Watts). 

VI.  Dissolving  zirconium  hydroxide  in  strong  solutions  of 
sodium  or  potassium  hydroxide  and  precipitation  by  dilution  or 
by  neutralization  with  an  acid. 

I.    FUSION   WITH    BORON    TRIOXIDE. 

This  method,  made  use  of  by  Ebelmen  in  the  case  of  other 
oxides,  is  useless  in  the  case  of  zirconia,  because  this  oxide  is 
not  taken  up  by  the  boron  trioxide,  and  so  does  not  come  in 
contact  with  the  other  oxide.  The  melt  of  boron  trioxide  was 
kept  at  a  high  temperature  for  a  number  of  hours  without  any 
appreciable  solvent  action  upon  the  zirconia,  added  in  small 
portions. 

II.    FUSION  OF  ZIRCONIA  WITH  ALKALINE  CARBONATES. 

The  purified  zirconia  used  had  been  dried  at  the  temperature 
of  the  steam  bath  and  therefore  was  not  in  the  inactive  con- 
dition brought  about  by  igniting  it  at  a  very  high  temperature. 
This  was  the  case  in  the  subsequent  experiments  also. 

It  is  by  fusion  with  sodium  carbonate  that  Hiortdahl  claimed 
to  have  prepared  his  ziconates.  Ouvrard  seems  to  have  gotten 
little  besides  crystals  of  zirconia.  Very  little  action  could  be 
seen  in  the  experiments  described  below.  The  zirconia  sank  to 
the  bottom  of  the  fused  mass  and  remained  without  apparent 
change  for  hours.  Varying  the  time  of  heating  did  not  seem  to 
have  much  effect  upon  the  results. 

After  the  fused  mass  had  cooled  it  was  leached  with  successive 
portions  of  water  until  no  alkali  could  be  detected.  The  wash 
water  contained  no  zirconium.  As  the  mass  left  will  absorb 
carbon  dioxide,  it  was  dried  as  rapidly  as  possible  at  about  150' 
to  constant  weight.  Dilute  hydrochloric  acid  was  used  to  sepa- 
rate the  zirconate  formed  from  the  unchanged  zirconia.  As  this 
zirconia  was  now  in  the  ignited  and  even  crystalline  form,  it  was 
concluded  that  it  was  insoluble  in  the  dilute  acid.  The  zirconia 
in  the  solution  was  precipitated  as  hydroxide  and  determined  as 
oxide,  and  the  alkali  determined  in  the  filtrate.  Two  grams  of 
zirconia  were  used  in  each  case  and  a  large  excess  of  the  car- 
bonate.    The  amount  of  unattacked  zirconia  ranged  from  ninety- 
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three  to  ninety-nine  per  cent.,  showing  thus  very  little  action 
after  many  hours  of  fusion.  In  some  cases,  therefore,  the 
amount  of  supposed  zirconate  obtained  was  too  small  for  relia- 
ble analysis. 

I.   WITH  SODIUM  CARBONATE. 

Three  experiments  with  sodium  carbonate  were  carried  to 
completion. 

1 .  Two  grams  zirconia  and  eight  grams  sodium  carbonate  were 
fused  three  hours.  Amount  of  residue  after  leaching,  soluble  in 
dilute  hydrochloric  acid,  o.  1588  gram,  or  eight  per  cent.  In  this 
ZrO,  =  75.70  per  cent. ;  Na,0  =  24.30. 

2.  Two  grams  zirconia  fused  with  sixteen  grams  sodium  car- 
bonate for  four  hours.  Amount  of  residue  soluble  in  hydro- 
chloric acid,  0.3042  grams.  Percentages:  ZrO„  74.18;  Na,0, 
25.81.    These  correspond  fairly  with  (ZrO,),(NaaO),. 

3.  Two  grams  zirconia  fused  with  sixteen  grams  sodium  car- 
bonate for  eight  hours.  Amount  soluble  in  dilute  hydrochloric 
acid 0.1220  gram,  or  six  per  cent.  Percentages:  ZrO„  58.16; 
Na,0,  41.84. 

II.    WITH  POTASSIUM  CARBONATE. 

When  potassium  carbonate  was  used  the  action  was  so  slight 
that  it  was  not  possible  to  get  enough  for  analysis.  In  one  case, 
after  heating  for  ten  hours,  the  amount  soluble  was  just  one-half 
per  cent.     This  accords  with  the  observation  of  Ouvrard. 

Of  course  it  is  possible  that  the  leaching  with  water  had  a  par- 
tially decomposing  effect  upon  the  zirconates.  Very  little  could  be 
justly  concluded,  however,  from  experiments  in  which  there  was 
so  little  action,  therefore  the  effort  at  forming  the  zirconates  by 
fusion  with  the  carbonates  was  abandoned. 

III.    FUSION   OF  ZIRCONIA  WITH  HYDROXIDES. 

/.  Fusion  with  sodium  hydroxide. 

Here  considerable  action  was  noticed.  The  fusions  were 
made  in  a  silver  dish.  The  heating  was  kept  up  until  the  mass 
became  semi-solid.  The  treatment  of  the  fused  mass  and  the 
analysis  were  carried  out  as  before.  No  zirconium  was  detected 
in  the  wash  water. 
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1 .  Two  grams  zirconia  fused  with  eight  grams  sodium  hy- 
droxide. Total  amount  dissolved  1.1855  grams.  An  analysis, 
reduced  to  dry  basis,  gave  ZrO„  92.29,  and  Na,0,  7.65. 

2.  Same  amount  taken  as  in  Experiment  i.  Total  amount  dis- 
solved 0.7655  gram,  containing  ZrO„  93.19,  and  Na,0,  6.22. 

3.  Two  grams  zirconia  and  sixteen  grams  sodium  hydroxide. 
Amount  dissolved  0.8004  gram,  containing  ZrO,,  92.57,  and 
Na.O,  7.38. 

4.  Two  grams  zirconia  were  fused  with  eight  grams  of  sodium 
dioxide,  instead  of  the  hydroxide.  Amount  dissolved  0.7074 
gram,  and  this  contained  91.21  per  cent.  ZrO,. 

Na,0.(ZrO,),  contains  ZrO„  92.20;  and  Na,0,  7.80. 

Na,0.(ZrO,),  contains  ZrO„  93.29  ;  and  Na,0,  6.76. 

2,  Fusion  with  potassium  hydroxide. 

These  were  carried  out  in  a  manner  similar  to  those  with  sodium 
hydroxide  and  the  action  seemed  to  be  about  the  same.  Ineach 
experiment  two  grams  of  zirconia  were  taken  and  fused  with  six- 
teen grams  of  potassium  hydroxide. 

1.  Dissolved  by  hydrochloric  acid  0.8850  gram  which  con- 
tained 79.63  per  cent.  ZrO,. 

2.  Dissolved  1.5 241  grams  which  contained  ZrO„  82.98;  K,0, 
17.00. 

3.  Dissolved  1.2078  grams  which  contained  ZrO„  78.59;  K,0, 
21.40. 

4.  Dissolved  0.9297  gram  which  contained  ZrO„  85.51 ;  K,0, 
14.49. 

In  analyzing  these  alkaline  zirconates  the  water  present  was 
not  determined.  The  moist  powder  was  treated  with  hydro- 
chloric acid,  the  insoluble  portion  caught  upon  a  filter,  and  the 
zirconia  and  alkali  determined  in  the  filtrate  and  the  results  cal- 
culated upon  a  dry  basis.  If  the  analysis  given  by  Hiortdahl 
is  calculated  upon  a  dry  basis,  it  gives  for  ZrO„  93.51,  and 
Na,0,  6.49,  or  very  nearly  the  numbers  gotten  in  Experiment 
2  in  the  fusions  with  sodium  hydroxide. 

It  is  difficult  to  interpret  the  results  of  these  fusions  with  the 
alkaline  carbonates  and  hydroxides.  The  fusions  do  not  yield 
the  same  definite  results  each  time,  and  indeed  it  can  not  be 
claimed  from  the  analyses  that  definite  zirconates  have  been  pre- 
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pared.  Some  allowance  must  be  made  for  the  imperfect  method 
of  separation  of  the  zirconate  from  the  unchanged  zirconia,  some 
of  the  former  being  taken  up  by  prolonged  digestion  with  hydro- 
chloric acid.  There  is  a  marked  tendency,  however,  toward  the 
formation  of  certain  zirconates  under  approximately  the  same 
conditions.  Two  of  the  experiments  with  sodium  carbonate  give 
results  fairly  in  accordance  with  the  formula  (Na,0),(ZrO,),. 
In  the  fusion  with  sodium  hydroxide  the  results  range  from 
(Na,0)(ZrO).  [ZrO,  =  90.76  ;  Na.O  =9.24],  to  (Na.O)(ZrO), 
[ZrO,  =  94.08 ;  Na,0  =  5.92] ,  and  it  is  with  these  that  the  anal- 
ysis of  Hiortdahl  agrees,  though  his  was  a  fusion  with  sodium 
carbonate.  Why  there  should  be  this  difference  is  not  very  clear. 
The  tendency  is  manifestly  toward  the  formation  of  what  may 
be  called  the  polyzirconates,  having  a  considerable  excess  of 
zirconic  acid.  In  the  case  of  potassium  the  carbonate  failed  to 
give  a  compound.  The  hydroxide  gives  results  ranging  from 
(K,0)(ZrO.).  [ZrO.  =  7957  I  K,0  =  20.43],  to  (ZrO.).(K.O), 
[ZrO,  =  86.74;  K,0=  13.26];  again  polyzirconates  with  ex- 
cess of  zirconia. 

Other  fusions  were  carried  out  with  sodium  and  potassium 
hydroxides,  and  the  resulting  masses  were  leached  with  dilute 
acetic  acid,  a  solvent  which  had  to  be  used  in  leaching  away  the 
alkaline  earths  in  the  subsequent  experiments.  In  the  case  of 
sodium  the  leaching  removed  practically  all  of  the  alkali.  In  the 
case  of  potassium  a  substance  containing  ZrO,,  78.59  per  cent., 
and  K,0,  21.41  per  cent,  was  left.  This  nearly  corresponds  to 
the  formula  K,0.(ZrO,),.  It  is  almost  exactly  the  result  gotten 
in  one  of  the  previous  experiments. 

3.  Lithium  gave  no  zirconate  when  the  carbonate  was  used 
for  the  fusion.  With  the  hydroxide  it  gave  the  following  results  : 

Two  grams  ZrO,  were  fused  with  excess  of  lithium  hydroxide, 
leached  with  dilute  acetic  acid  and  with  water.  This  gave  on 
analysis  ZrO,,  89.11  per  cent.;  Li,0,  10.99  P^r  cent.  Percentage 
of  ZrO,  calculated  for  Li,0.2ZrO,  is  89.13. 

4.  Calcium  oxide  was  also  heated  for  a  number  of  hours  with 
zirconia  and  gave  the  following  results : 
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ZrO, 
CaO 


I. 
70.11 
29.88 


II. 
70.83 
29.14 


Calculated  for 
CaO.ZrO«. 

68.54 

3>-46 


These  residues,  after  treatment  with  dilute  acetic  arid  and 
water,  were  cr>*stalline. 

5.  Barium  hydroxide  differs  from  that  of  calcium  in  that  it 
fuses  readily  and  thus  affords  much  better  opportunity  for  reacdoa. 
The  fusion  gave  abundant  evidence  of  action.  The  excess  of  hy- 
droxide was  washed  out  with  water.  The  carbonate  present  was 
dissolved  away  with  dilute  acetic  acid  until  there  was  no  more 
barium  in  the  wash  water.  No  zirconia  was  found  in  any  of 
these  washings.  Towards  the  latter  part  of  the  washing  the 
solid  particles  settled  out  with  great  difficulty.  The  residue  was 
analyzed  with  the  following  result : 


ZrOj 
BaO 


Found. 

55.51 
44.49 


Calculated  for 
BaO.ZrOf. 

55.95 
44.05 


This  is  a  grayish  white  powder,  very  fine  and  easily  soluble  in 
hydrochloric  acid.  Practically  all  of  the  zirconia  was  taken  np, 
leaving  little  undissolved  by  the  hydrochloric  acid. 

6.  Strontium  oxide  was  prepared  by  ignition  of  the  nitrate  and 
heated  in  the  same  way  as  the  calcium  oxide.  This  mass  was 
pinkish  white,  probably  from  slight  impurities,  and  was  com- 
pletely soluble  in  dilute  hydrochloric  acid.  On  analysis  the  fol- 
lowing results  were  obtained : 


ZrOa 
SrO 


Found. 

Calculated  for 
SrOZrO,. 

54.22 

54.55 

45-77 

45.45 

7.  The  magnesia   (eight  grams)    and  zirconia  (two  grams) 

was  heated  together  for  about  four  hours  and  then  treated  in  the 

same   manner  as  the  calcium  fusion,  /.  ^.,  first  leached  with 

dilute  acetic  acid  and  then  washed  with  water  until  free  from 

nagnesia.     The  residue  gave  evidence  of  being  crystalline. 


ZrOj. 
MgO 


Found. 
76.28 
23.70 


Calculated  for 
M^.ZtOs- 

75.30 
24.70 
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IV.    FUSION  OF  ZIRCONIA  WITH  CHW)RIDES. 

This  method  was  used  by  Hiortdahl  in  preparing  the  zirco- 
nates  of  magnesium  and  calcium,  and  by  Ouvrard  for  the  same, 
and  also  for  strontium,  barium  and  lithium.  According  to  the 
latter  they  all  gave  zirconates  of  the  form  M.ZrO,. 

/.  Fusion  with  sodium  chloride. 

There  appeared  to  be  very  little  action.  The  fusion  was  washed 
with  water  until  free  from  chlorine.  It  was  then  treated  as  in 
the  case  of  the  carbonates .  When  two  grams  of  zirconia  were  fused 
with  sixteen  grams  of  sodium  chloride,  it  was  found  that  less 
than  two  per  cent,  had  been  dissolved.  In  a  second  experiment, 
after  heating  six  hours,  the  amount  dissolved  was  less  than  two- 
tenths  of  a  per  cent. 

2,  Fusion  with  potassium  chloride. 

No  action  was  observable.  When  two  grams  of  zirconia  were 
heated  a  number  of  hours  with  an  excess  of  potassium  chloride 
and  the  mass  then  treated  as  above,  only  three-tenths  of  a  gram 
had  been  acted  upon.  There  seemed  to  be  even  less  action  in 
the  case  of  lithium  chloride  at  the  temperature  attainable  by 
means  of  an  ordinary  water-blast  lamp. 

J.  Fusion  with  alkaline  earths. 

Two  attempts  were  made  to  prepare  magnesium  zirconate  by 
fusing  zirconia  with  magnesium  chloride  and  ammonium  chlo- 
ride. It  was  not  possible  to  prevent  decomposition  of  the  mag- 
nesium chloride.  There  seemed  to  be  some  action,  but  much 
difficulty  was  experienced  in  separating  tlie  products.  The 
method  described  by  Ouvrard  gave  evidences  of  zirconium  in 
the  washings. 

In  the  case  of  fusions  with  calcium  chloride  no  action  could  be 
observed.  Two  experiments  were  made,  following  closely  the 
directions  of  Ouvrard,  except  as  to  temperature  possibly,  as  to 
which  no  exact  directions  were  given.  A  water-blast  lamp  was 
used  for  several  hours.  After  leaching  and  washing,  the  mass 
left  behind  gave  no  zirconium  to  hydrochloric  acid. 

Our  experiments  with  the  chlorides  have  led  us  to  believe  that 
there  is  little  or  no  action  between  zirconia  and  the  chlorides  of 
the  alkalies  or  alkaline  earths  except  where  these  chlorides  are 
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decomposed  by  the  heat  and  oxides  formed.    Any  action  noticed 
is  to  be  attributed  to  the  oxides. 

V.    PRECIPITATION  FROM  THE  SOLUTION  OF   A  ZIRCONIUM   SALT 
BY  MEANS  OF  AN  ALKALINE  HYDROXIDE. 

Watts  speaks  of  this  method  but  no  experiments  are  recorded. 
It  seemed  to  us  upon  examination  of  the  question  that  very  little 
evidence  as  to  the  existence  of  the  zirconates  or  their  properties 
could  be  drawn  from  such  a  method  of  preparation  as  this.  It 
has  been  repeatedly  observed  that  the  precipitate  formed  by 
means  of  ammonium  hydroxide  is  extremely  hard  to  wash  free 
from  ammonia.  After  a  very  large  number  of  washings,  how- 
ever, it  is  practically  free  from  ammonia.  The  same  is  true 
of  sodium  and  potassium  hydroxides.  Is  it  to  be  inferred  that 
a  definite  zirconate  is  precipitated?  At  what  point  shall  the 
washing  be  stopped,  for  manifestly  some  washing  is  necessary? 
Equally  it  cannot  be  decided  because  of  this  loss  of  alkali  by 
prolonged  washing,  that  we  have  a  decomposition  of  the  zirconate 
caused  by  the  action  of  the  water.  It,  therefore,  seemed  to  be 
quite  useless  to  make  analyses  of  the  precipitates  gotten  with 
different  degrees  of  washing ;  especially  as  somewhat  similar 
experiments  were  carried  out  under  the  next  heading. 

VI.    THE  SOLUTION   OF  ZIRCONIUM   HYDROXIDE  IN  CAUSTIC 

ALKALI. 

It  was  found  that  zirconium  hydroxide  was  perceptibly  soluble 
in  solutions  of  potassium  and  sodium  hydroxide.  Experiments 
were  first  made  with  a  view  of  determining  the  extent  of  this 
solubility.  Solutions  of  the  two  alkalies  were  made  up  of  different 
strengths,  an  excess  of  zirconium  hydroxide  added,  and  the  solu- 
tion then  boiled.  After  cooling,  a  measured  quantity  of  the  solu- 
tion was  drawn  off  and  the  amount  of  zirconia  present  determined. 

A  50  per  cent  solution  potassium  hydroxide  dissolved  per  cc.  0.00233  gram. 
^3    n      M  it  a  i<  M  <<     (f  0.00097    *' 

25     ••       "  "  **  "  *'  "     **  0.00075    •* 

12     "      "  •*  "  •*  *•  •*     •*  0.00009    " 

In  the  case  of  sodium  hydroxide  there  seemed  to  be  a  stronger 
solvent  action. 
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A  33  per  cent  solution  dissolves  per  cc.  0.00245  gram. 
25     •*      "  *«  •«         «<     ««  0.0012        '* 

12    **•      *•  *•  0.0005        " 

If  a  concentrated  solution  of  alkali,  saturated  with  zirconium 
hydroxide,  is  diluted,  a  portion  of  the  zirconium  will  be  precipi- 
tated. Neutralization  with  acid  will  also  cause  a  precipitation 
of  the  zirconium.  In  both  cases  alkali  is  retained  by  the  precipi- 
tate in  spite  of  washing.  Analyses  were  made  of  some  of  these 
precipitates  after  very  thorough  washing  (in  no  case  was  less 
than  a  liter  of  water  used.)  The  results  in  four  experiments 
were  sufficient  to  show  that  these  precipitates  were  practically 
zirconium  hydroxide  with  a  varying  percentage  of  alkali,  this 
percentage  ranging  from  1.15  to  3.94.  It  is  possible  to  assume 
that  zirconates  were  formed  and  then  decomposed  b}^  the  action 
of  the  water  during  the  washing,  but  it  seems  more  probable  that 
this  is,  as  is  true  in  the  case  of  so  many  hydroxides  precipitated  by 
alkaline  hydroxides,  merel}'  a  stubborn  retention  of  alkali.  As- 
suming that  the  strong  alkaline  solutions  held  zirconates  in  solu- 
tion, attempts  were  next  made  to  prepare  other  zirconates  by 
precipitation  from  them. 

The  addition  of  solutions  of  various  salts  gave  small  precipi- 
tates which  seemed  to  be  formed  mainly  because  of  the  dilution 
of  the  alkaline  hydroxide  and  to  consist  almost  entirel}'  of  zirco- 
nium hydroxide.  It  was  necessary,  therefore,  to  use  strongly 
alkaline  solutions  of  the  compounds  of  the  elements  to  be  exper- 
imented with.  This  greatly  diminished  the  choice  of  compounds. 
Concentrated  solutions  of  aluminum  and  zinc  hydroxides  in  po- 
tassium hydroxide  gave  precipitates  but  they  were  in  too  small 
amounts  for  reliable  analyses  to  be  made. 

Summing  up  the  results  of  the  experiments  performed,  it  is 
clear  that  the  method  yielding  the  best  results  for  the  prepara- 
tion of  the  zirconates  is  fusion  of  gently'  dried  zirconia  with  hy- 
droxides or  prolonged  heating  with  the  oxides.  In  the  case  of 
the  alkaline  earths  this  yields  zirconates  containing  one  equiva- 
lent of  each  oxide,  as  CaO.ZrO,  etc.  The  same  is  true  of  the 
magnesium  compound.  For  lithium  the  compound  obtained 
was  LiO.ZrO.     For  the  alkalies  it  seemed  to  be  possible  to  ob- 
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tain  only  zirconates  having  a  largely  preponderating  proportion 
of  zirconia.  There  seems  to  be  a  tendency  toward  the  formation  of 
distinct  compounds  under  certain  conditions.  These  polyzir- 
conates,  and  the  lithium  compound  also,  may  be  decomposition 
products  due  to  the  action  of  the  water  used  in  leaching.  No 
other  mode  of  separation  from  the  products  of  the  fusion  could 
be  devised  by  us,  however.  If  they  are  produced  by  the  decom- 
posing and  solvent  action  of  the  water,  it  is  a  little  strange  that 
a  point  should  be  reached  beyond  which  the  leaching  extracted 
no  more  alkali,  and  that  this  point  varied  with  changed  condi- 
tions. This  is  not  the  case  where  zirconium  hydroxide  has  been 
precipitated  by  an  alkali. 

DOUBI.E   ZIRCONATES. 

Two  attempts  at  the  formation  of  double  zirconates  were  made. 

/.  Potassium  calcium  zirconate. 

About  two  grams  each  of  zirconia,  potassium  hydroxide  and 
lime  were  heated  together  for  about  four  hours.  There  was  evi- 
dence of  considerable  action.  The  mass  was  treated  with  dilute 
acetic  acid  and  thoroughly  washed.  Then  on  treatment  with 
dilute  hydrochloric  acid  nearly  the  whole  residue  went  into  solu- 
tion. The  analysis  gave  ZrO„  67.21  percent.;  CaO,  31.06; 
K,0,  1. 1 1.  This  is  a  calcium  zirconate,  ( CaO.  ZrO,),  with  a 
small  part  of  the  CaO  substituted  by  K,0. 

2,  Potassium  aluminum  zirconate. 

Two  grams  of  zirconia  were  fused  for  eight  hours  with  two 
grams  of  potassium  hydroxide  and  three  grams  of  alumina.  The 
mass  was  washed  with  dilute  acetic  acid  until  no  more  alumina 
was  dissolved.  The  residue  was  treated  with  dilute  hydrochloric 
acid  and  the  insoluble  portion  removed  by  filtration.  The  anal- 
ysis gave  ZrO,,  72.38  per  cent.;  Al,0„7.66;  K,0, 20.00.  These 
experiments  indicate  the  possible  existence  of  double  zirconates, 
and  when  time  admits  this  point  will  be  further  examined. 

University  of  North  Carolina. 
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WHEN  phosphoric  acid  is  determined  by  the  molybdate 
method,  it  is  a  common  practice  to  add  fifteen  grams  of 
ammonium  nitrate  to  the  phosphate  solution  and  heat  before 
adding  ammonium  molybdate.  By  this  means  the  separation  of 
the  yellow  precipitate  is  greatly  facilitated  and  the  time  of  diges- 
tion shortened.  But  to  dissolve  this  nitrate  requires  some  time 
and  very  greatly  reduces  the  temperature  of  the  solution  so  that 
special  care  is  necessary  in  heating  it  subsequently.  In  the 
laboratory  of  this  station  it  has  been  our  practice  to  simplify  the 
process  by  omitting  the  separate  addition  of  ammonium  nitrate 
and  using  a  molybdic  solution  containing  the  requisite  quantity 
of  the  salt.  Such  a  solution  may  be  prepared  according  to  the 
following  formula : 

I.  Dissolve  1000  grams  of  molybdic  acid  in  4160  cc.  of  a  mix- 
ture of  one  part  of  concentrated  ammonia  water  (sp.  gr.  0.90) 
and  two  of  water. 

II.  Dissolve  5300  grams  of  ammonium  nitrate  in  a  mixture  of 
6250  cc.  of  concentrated  nitric  acid  (sp.  gr.  1.4)  and  3090  cc.  of 
water. 

Add  I  to  II  slowly  with  constant  stirring.  Allow  to  stand  for 
a  few  days  in  a  warm  place  and  decant  off  the  clear  liquid. 

This  solution  has  the  same  proportion  of  ammonium  molyb- 
date and  free  nitric  acid  as  the  molybdic  solution  of  Fresenius, 
but  differs  from  the  latter  in  thait^/ty  cc.  cojitam  fifteen  grains 
more  of  ammonium  nitrate.  We  have  prepared  the  solution  so 
as  to  contain  this  proportion  of  the  salt  because  in  the  routine 
analj'sis  of  fertilizers  in  the  station  laboratory  fifty  cc.  are  most 
commonly  employed.  This  quantity  in  our  experience  is  usually 
sufficient  for  the  precipitation  of  the  soluble,  insoluble  or  total 
phosphoric  acid  of  mixed  fertilizers  in  solutions  representing 
four-tenths,  two,  and  five-tenth^  grams  respectively  of  the  ma- 
teriaL 

In  no  ca.se  ought  less  than  fift}'^  cc.  be  used,  for  otherwise 
there  may  not  be  enough  annuonium  nitrate  present  for  the  per- 
fect separation  of  the  yellow  precipitate.     When  a  larger  quan- 
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tity  of  molybdic  solution  is  required,  as,  for  example,  in  the 
determination  of  total  phosphoric  acid  in  ground  bone,  bone 
black,  Thomas  slag,  etc.,  it  may  be  added  without  fear  that  the 
larger  quantity  of  ammonium  nitrate  contained  in  it  will  in  any 
way  interfere  with  the  process.  If,  however,  it  is  thought 
desirable,  a  special  molybdic  solution  containing  fifteen  grams 
of  added  ammonium  .nitrate  to  every  seventy-five  or  loo  cc.  of 
the  liquid  may  be  prepared  for  such  cases. 

CONSfECTICUT  ACRICULTUKAL  EXPSRIMEXT  STATIOX, 

New  Havejc.  COKir. 


ON  THE  ESTIMATION  OF  SULPHUR  IN  PYRITES. 

By  Thomas  S.  Gladducg. 

Received  March  jp.  itgS. 

IN  the  October  (1S95)  number  of  this  Journal,  Dr.  Lunge  con- 
tinues his  discussion  of  the  estimation  of  sulphur  in  pyrites. 
He  presents  no  new  experimental  support  of  his  position.  He 
indirectly  accuses  me  of  having  published  a  '*  private  "  commn- 
nication  without  the  sanction  of  the  writer,  Prof.  Richards.  In 
reply  I  will  say  that  the  words  of  Prof.  Richards  were  published 
by  myself,  not  onlywithfuUpermission,  but  aftera  careful  revision 
of  the  same  by  their  author.  Had  Dr.  Lunge  addressed  a  note 
to  Prof.  Richards  or  to  myself,  he  would  have  been  saved  from 
making  a  most  unkind  and  needless  accusation. 

While  Lunge  attempts  no  further  support  of  his  position  by 
chemical  experiment,  he  makes  the  claim  that  any  occlusion  oi 
barium  chloride  that  occurs  is  compensated  for  by  the  solubility 
of  barium  sulphate  in  the  acid  liquor  of  precipitation.  In  his 
own  words  **  my  claim  has  been  that  my  method  by  compensa- 
tion of  unavoidable  errors,  gives  correct  results  J"  ^ 

I  have  investigated  this  claim  of  Lunge's,  as  far  as  it  applies 
to  the  occlusion  of  barium  chloride  in  his  method,  in  the  follow- 
ing manner  :  I  have  had  one^of  our  assistants  repeat  the  work 
with  chemically  pure  sulphate  of  ammonia,  using  two  grams  in 
each  case,  making  comparison  precipitations  with  a  ten  per 
cent,  solution  of  barium  chloride,  the  first  b}'  adding  the  barium 
chloride  solution  drop  by  drop  from  a  burette,  the  second  by  sud- 
den addition  from  a  small  beaker  in  which  it  had  been  brought 
to  the  boiling  point.     The  results  were  as  follows : 
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By  slow  addition.  By  sudden  addition 

Gram.  Gram. 

Sulphur 0.4840  0.4880 

Sulphur 0.4820  0.4873 

These  experiments  show  an  occlusion  of  about  0.040  gram 
barium  chloride  and  a  corresponding;  error  of  0.50  to  0.55  per 
cent,  in  the  estimation  of  the  sulphur  present. 

I  repeated  personally  the  second  series  of  precipitations  obtain- 
ing: 

Barium  sulphate  obtained.  Sulphur. 

Grams.  Gram. 

I 35480  0.4878 

2 35430  0.4871 

These  experiments  show  an  error  of  about  0.55  per  cent,  in 
the  estimation  of  sulphur  present.  The  greatest  care  was  taken 
in  washing  these  precipitates.  Three  washings  by  decantation, 
using  seventy-five  cc.  of  hot  water  each  time,  were  followed  by 
five  washings  on  the  filter  paper. 

I  now  fused  these  precipitates  with  chemically  pure  sodium 
carbonate,  dissolved  the  flux  in  water,  filtered  from  barium  car- 
bonate, acidified  the  filtrate  with  nitric  acid,  added  silver 
nitrate  and  from  the  silver  chloride  obtained,  calculated  the 
equivalent  of  barium  chloride.  I  obtained  in  one  case  0.0552 
gram  silver  chloride,  corresponding  to  0.040  gram  barium  chlo- 
ride, in  the  other  0.0500  gram  silver  chloride,  equivalent  to 
<>'0364  gram  barium  chloride.  Deducting  these  figures,  we  have  : 

BaSO* 35480  35430 

BaCl, 0.0400  0.0364 

Pure  BaSO|  obtained 3.5080  3.5066 

The  sulphur  obtained  from  these  corrected  results  are  0.4S23 
gram  and  0.4821  gram.  These  corrected  results  agree  very 
closely  with  those  obtained  by  our  assistant  when  using  the 
dropping  method.  I  now  fused  one  of  the  precipitates  obtained 
by  the  dropping  method  with  sodium  carbonate  in  the  same  way 
and  obtained  0.0027  gram  silver  chloride,  equivalent  to  0.002 
gram  bafium  chloride.  This  shows  that  the  occlusion  of 
barium  chloride  is  practically  avoided  by  adding  the  barium 
chloride  drop  by  drop,  as  0.002  gram  barium  chloride  would 
cause  an  error  of  only  0.026  per  cent,  in  sulphur. 
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I  now  took  up  the  question  of  the  solubility  of  barium  sul- 
phate in  the  acid  liquor  of  precipitation,  imitating  the  condi- 
tions under  which  the  actual  analysis  of  pyrites  is  made.  To 
400  cc.  water  were  added  fifteen  cc.  strong  ammonia.  Hydro- 
chloric acid  was  now  added  to  acidify.  To  two  such  prepara- 
tions I  added  0.020  gram  and  0.040  gram  chemically  pure  ammo- 
nium sulphate,  respectively.  The  solutions  were  brought  to 
the  boiling  point  and  ten  cc.  barium  chloride  added.  The  liquid 
was  boiled  till  clear  and  allowed  to  settle.     I  obtained  : 

Barium  sulphate.         Sulphur  obtained.  Sulphur  present 

Gram.  Gram.  Gram. 

1 0.034  0.00468  0.00484 

2 0.069  0.00949  0.00969 

The  sulphur  lost  by  the  solubility  of  the  barium  sulphate  in 
the  acid  solution  in  the  above  experiments  amounts  to  0.016  and 
0.020  per  cent,  respectively. 

The  abov6  work  demonstrates  conclusively  that  the  method 
employed  by  Lunge  of  adding  the  barium  chloride  all  at  once 
causes  an  error  of  about  five-tenths  per  cent,  in  the  percentage 
of  sulphur,  and  that  such  error  is  not  compensated  for  by  the 
solubility  of  barium  sulphate  in  the  liquor  of  precipitation,  as 
such  solubility  is  very  slight,  causing  an  error  of  less  than  0.03 
per  cent. 

In  his  first  reply  (March,  1895),  Dr.  Lunge  objected  to  my 
method  of  estimating  the  0.20  to  0.40  per  cent,  of  sulphur,  (that 
may  be  left  in  the  ferric  hydroxide) ,  by  the  simple  process  of  dis- 
solving the  latter  in  dilute  hot  hydrochloric  acid,  adding  tencc. 
of  barium  sulphate  solution  and  letting  stand  over  night.  This 
he  declared  was  wrong,  owing  to  the  solubility  of  barium  sul- 
phate in  such  solution.  I  showed  by  a  few  simple  and  rigid 
experiments  that  I  was  entirely  right.  These  experiments  were 
very  easily  capable  of  repetition.  But  Lunge  did  not  choose 
to  repeat  them.  The  above  experiments  showing  that  the  sud- 
den addition  of  barium  chloride  will  cause  an  error  of  several 
tenths  of  a  per  cent,  are  likewise  very  easily  repeated  and  the 
separation  of  the  occluded  barium  chloride  as  described,  is  so 
positive  as  to  the  error  caused  by  Lunge's  method  of  procedure, 
that  I  hope  for  a  further  answer  from  Dr.  Lunge.     On  account 
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of  the  commercial  importance  of  an  accurate  estimation  of  sul- 
phur in  p3aites,  I  have  no  doubt  that  a  prompt  repetition  of 
my  work  as  described  above  will  soon  be  published  by  some 
other  analyst,  and  the  main  point  at  issue,  namely,  the  necessity 
of  a  very  slow  addition  of  the  barium  chloride  solution,  be  set- 
tled. • 


FURTHER  NOTES  UPON  THE  FATS  CONTAINED  IN  THE 

TUBERCULOSIS  BACILLI. 

BT  B.  a.  OB  SCHWEIirXTZ  AND  MAXION  DO&SBT. 
RecciTed  March  a8.  ta96. 

IN  ihtjoumalof the  American  Chemical  Society  yiorhMgMSty  1895, 
we  published  an  article  upon  the  composition  of  the  tuber- 
culosis and  glanders  bacilli,  and  noted  the  probable  composition 
of  the  fats  which  are  present  in  these  germs  in  considerable  pro- 
portion. The  amount  of  crude  fat  in  the  tuberculosis  bacilli  is 
very  large,  having  been  found  by  us  to  be  in  round  numbers 
thirty-seven  per  cent,  of  the  weight  of  the  dried  germs.  In  the 
article  referred  to  the  amount  of  fat  at  our  disposal  was  very 
small,  and  we  could  at  that  time  determine  only  palmitic  acid, 
and  a  high  melting  acid,  which  we  stated  appeared  to  be  arachi- 
dic  so  far  as  the  quantity  at  hand  could  be  utilized.  Recently 
we  have  made  some  further  study  upon  these  fats,  and  the  results 
so  far  obtained  seem  to  be  of  sufficient  interest  to  warrant  pub- 
lication as  a  continuation  of  our  previous  work. 

The  quantity  of  crude  fat  available,  which  had  been  extracted 
from  the  germs  was  about  three  and  five-tenths  grams,  and  this 
was  examined  in  the  following  way  :  It  was  first  saponified  in  a 
dosed  flask  with  sodium  hydroxide,  in  accordance  with  the 
method  prescribed,  for  the  determination  of  fats  by  the  Ameri- 
can Association  of  Ofiicial  Agricultural  Chemists,  as  this  method 
seemed  to  give  the  most  satisfactory  results.  The  saponifica- 
tion )rielded  a  hard  soap  which  was  difficultly  soluble  in  water. 
The  dissolved  soap  was  acidified  with  sulphuric  acid  and  sub- 
mitted to  distillation  until  100  cc.  of  the  distillate  had  been 
obtained,  again  in  accordance  with  the  usually  prescribed 
method.  The  distillate  had  a  pungent  odor,  something  like  that 
of  sweet  almonds,  and  when  titrated  with  tenth  normal  hydroxide 
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solution,  required  for  neutralization  two  and  four- tenths  cc.  of 
the  latter.  The  total  amount  of  volatile  fatty  acid  was  there- 
fore exceedingly  small.  As  the  total  amount  of  sodium  hydroxide 
required  to  neutralize  the  volatile  acid  from  three  and  five-tenths 
grams  fat  was  only  0.0096  gram,  the  total  quantity  of  volatile 
acid  could  probably  not  have  been  0.05  gram,  an  amcunt  too 
small  to  permit  of  a  determination  of  its  character. 

The  non-volatile  fatty  acids  which  formed  a  hard  la3'^er  in  the 
distilling  flask  were  filtered  off  and  well  washed  with  water  to 
remove  all  sulphuric  acids  and  salts.  The  mixture  was  par- 
tially soluble  in  cold  ninety-five  per  cent,  alcohol,  but  readily 
soluble  in  hot  absolute  alcohol.  The  only  method  that  appeared 
practical  for  the  separation  of  the  fatty  acids  in  this  mixture, 
was  a  fractional  crystallization.  Even  this  was  extremely 
troublesome,  but  finally  by  repeated  efforts  the  larger  portion  of 
the  acid  was  found  to  have  a  melting-point  of  62®  C,  which 
remained  constant  upon  recrystallization.  The  principal  fatty 
acid  was  therefore  palmitic.  After  the  palmitic  acid  had  been 
removed  a  residue  remained  which  was  partially  soluble  in  cold 
eighty-five  per  cent,  alcohol,  and  partially  in  hot  eighty-five  per 
cent,  alcohol.  The  acid  soluble  in  hot  eighty-five  per  cent, 
alcohol  after  the  first  crystallization  melted  at  85°  C,  while  two 
subsequent  crystallizations  rai.sed  the  melting  point  to  102**  C. 
Unfortunately  again  the  quantity  of  this  high  melting  acid  was 
too  small  for  further  crystallization  or  identification.  It  was 
evidently  the  same  acid  that  in  our  first  article  we  noted  as  pro- 
bably arachidic  acid. 

The  acid  soluble  in  cold  eighty-five  per  cent,  alcohol  was  fur- 
ther purified  and  gave  white  crystals  that  melted  at  ^2"-^^  C, 
which  would  correspond  to  lauric  acid.  The  amount  was  too 
small  to  permit  of  a  positive  identification. 

This  examination  of  the  tuberculosis  fats  has  shown  that  it  is 
principally  a  glyceride  of  palmitic  acid.  In  addition  there  is  a 
minute  amount  of  the  glyceride  of  a  volatile  fatty  acid  to  which 
the  tuberculosis  cultures  owe  their  characteristic  odor,  and  very 
small  amounts  of  probably  lauric  acid  and  an  unusually  high 
melting  acid,  an  acid  apparently  with  a  larger  carbon  content, 
so  far  as  we  can  find,  than  any  before  noted  in  plants. 
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We  propose  still  to  identify  the  volatile  an4  non- volatile  acids 
found  In  such  small  quantities,  but  as  it  will  require  probably 
several  years  to  collect  the  material  for  this  work,  it  has  seemed 
best  to  give  the  results  so  far  obtained  at  the  present  time. 


THE  CA55EL*HINnAN  GOLD  AND  BROMINE  PROCESS. 

By  Parker  C.  McIlhxmey. 

Received  March  s4.  1896. 

THIS  process,  recently  introduced  by  the  Gold  &  Bromine 
Co.,  is  for  the  extraction  of  gold  from  low  grade  ores, 
and  those  which  will  not  give  up  their  gold  to  amalgamation. 
If  an  ore  is  free  milling  no  process  yet  devised  can  compete  with 
amalgamation  for  its  treatment,  and  if  it  is  of  sufficiently  high 
grade  to  bear  transportation  and  smelting  charges,  and  contains 
nothing  to  interfere  with  the  process  of  smelting,  there  is  com- 
paratively little  inducement  to  use  a  wet  process.  But  for  ores 
such  as  the  telluride  ores  of  Colorado,  which  will  not  amalga- 
mate, and  in  which  the  gold  and  tellurium  compounds  are  of 
such  a  friable  nature  that  they  cannot  be  concentrated,  and 
which  are  in  addition  of  too  low  grade  to  smelt,  some  wet  pro- 
cess must  be  used.  The  wet  processes  which  have  proved  com- 
mercially successful  are  chlorination  and  the  cyanide  process. 
Of  the  cyanide  process  nothing  need  be  said  except  that  on 
many  ores  it  has  been  used  very  successfully  and  from  many 
others  it  fails  to  extract  a  sufficiently  high  percentage  of  the  gold 
present.  Chlorination  has,  after  being  the  subject  of  a  great 
deal  of  experimenting,  been  reduced  practically  to  two  methods 
of  operation  :  the  vat  process,  in  which  the  ore  is  treated  with 
chlorine  gas  and  water,  without  agitation,  and  the  Thies  barrel 
process,  in  which  the  ore  is  agitated  in  a  revolving  barrel  with 
water,  bleaching  powder,  and  oil  of  vitrei.  Of  the  two  the  bar- 
rel process  is  more  generally  applicable  as  the  ore  cannot  be 
leached  in  vats  unless  it  is  comparative!}'  free  from  slime  and 
allows  the  liquid  to  pass  through  it  readily.  The  barrel  process 
is  recognized  generally  as  better  practice.  It  is  evident  that  in 
the  vat  process  the  strongest  solution  of  chlorine  which  can  at 
any  time  be  in  contact  with  the  ore  will  be  an  aqueous  solution 
saturated  at  the  ordinary  temperature  and  pressure,  because  it 
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is  impracticable  to  place  the  vats  under  pressure.  In  thebarrel 
process  it  has  also  been  found  impracticable,  on  acciunt  of 
mechanical  difficulties,  to  treat  the  ore  with  chlorine  unler  any 
considerable  pressure,  and,  therefore,  in  the  Thies  pnxess  the 
strength  of  the  chlorine  solution  is  almost  as  limited  as  in  the 
vat  process,  and  moreover  it  has  been  found  impracticable  to 
introduce  the  chlorine  in  the  Thies  process  as  free  chlorne,  and 
it  is  now  made  entirely  by  means  of  bleaching  powder  and  oil  of 
vitriol,  introduced  with  the  ore.  In  order  to  effect  the  solution 
of  the  gold  in  the  ore  in  a  reasonably  short  time  it  is  not  suffi- 
cient to  introduce  a  small  excess  of  chlorine  but  a  very  large 
excess  must  be  used  to  so  hasten  the  solution  as  to  bring  the 
time  within  permissible  limits.  This  excess  of  chlorine  goes  to 
waste,  and  although  very  many  attempts  have  been  made  to 
recover  it,  none  have  ever  proved  practicable.  The  only  safe 
way  to  get  the  gold  out  is  to  use  as  large  an  excess  of  chlorine 
as  possible,  and  as  the  solubility  of  chlorine  in  water  prevents 
the  use  of  more  than  a  small  amount,  it  sometimes  happens, 
even  with  careful  working,  that  the  ore  being  improperly  roasted 
no  gold  is  obtained  at  all. 

As  a  substitute  for  chlorine,  bromine  has  been  used  by  many 
experimenters,  and  its  use  has  been  attempted  in  mills  by  a 
simple  substitution  of  bromine  for  chlorine.  But  as  bromine  is 
very  expensive  its  use  without  recovery  has  not  been  successful. 

The  properties  of  the  two  halogens,  as  far  as  concerns  their 
use  on  ores,  are  about  as  follows  : 

Bromine  is,  at  ordinary  temperature,  a  liquid,  boiling  at  63* 
C,  and  which  may  be  easily  liquified  again  by  a  condenser 
supplied  with  cold  water. 

Chlorine  is  a  gas  which  must,  according  to  Nieman,*  be 
placed  under  a  pressure  of  six  atmospheres  at  o**  C.  in  order  to 
liquefy  it,  or  cooled  to  — 35®  C.  to  condense  it  without  pressure. 

Bromine  is  soluble  in  water  at  15®  C.  to  the  extent  of  three 
and  two  tenths  per  cent;  this  means  about  25.5  pounds  in  100 
gallons  of  water. 

Chlorine  is  soluble  in  water  to  the  extent  of  about  0.76  per 

1  Brandea  Arch.,  36,  x8  ;  Dammer,  Handb.  Anorg.  Chcm.,  i,  474. 
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cent,  at  15*^  C. ;  this  means  about  six  pounds  in   100  gallons  of 
water. 

Bromine  is  a  much  less  powerful  oxidizing  agent  than  chlo- 
rine, and,  as  a  result  of  this  fact,  oxidizable  materials  such  as 
pyrites  are  much  less  acted  upon  by  bromine  than  by  chlorine. 
In  fact  it  is  possible  to  treat  with  bromine  water  pyrites  contain- 
ing gold  and  extract  most  of  the  gold  as  bromide  without  attack- 
ing much  pyrites,  which  it  is  not  possible  to  do  with  chlorine 
water. 

Bromine  dissolves  gold  more  easily  than  chlorine.  The 
experiments  made  by  T.  K.  Rose,  at  the  Royal  Mint  in  England, 
recorded  in  his  **  Metallurgy  of  Gold,'*  page  242,  show  that  a 
saturated  solution  of  chlorine  in  water,  that  is  about  0.76  per 
cent,  of  chlorine,  dissolved  57.6  parts  of  gold,  while  a  two- 
tenths  per  cent,  solution  of  bromine  in  water,  less  than  one-third 
the  strength  of  the  chlorine,  dissolved  under  exactly  similar  cir- 
cumstances, 58.1  parts  of  gold. 

These  facts  will  render  it  very  evident  that  if  some  means  can 
be  devised  for  recovering  the  bromine  which  has  been  used  in 
the  treatment  of  the  ore  much  better  results  can  be  obtained  than 
can  be  obtained  by  chlorination.  Several  plans  have  been 
devised  for  accomplishing  this  result,  but  only  one  has  as  yet 
been  put  into  practical  working  in  a  mill.  It  consists  in 
adding  to  the  liquor  which  has  acted  upon  the  ore,  and  which 
stills  contains  a  large  excess  of  bromine  as  well  as  some  bromides, 
sufficient  chlorine  or  oxidizing  agent  and  acid  to  liberate 
the  bromine  from  the  bromides  and  then  to  distil  off  the  bromine 
by  steam.  The  amount  of  liquid  which  it  is  necessary  to  distil 
oS  in  order  to  free  an  aqueous  solution  of  bromine  from  its  bro- 
mine is  surprisingly  sm^ll.  Using  a  solution  of  about  fifteen 
pounds  in  100  gallons  the  bromine  is  practically  gone  when  about 
five  per  cent,  of  the  liquid  has  distilled  over.  The  liquid  thus 
freed  from  bromine  is  in  an  ideal  condition  for  the  precipitation 
of  gold,  and  this  may  be  accomplished  by  any  convenient 
method.  It  will  then  be  seen  that  the  process  is  in  the  main 
identical  with  chlorination  as  far  as  apparatus  is  concerned, 
except  that  to  the  liquid  an  addition  of  chemicals  is  made  and 
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it  is  then  heated  up  by  steam  and  a  small  portion  distilled  off 
before  precipitation. 
The  necessary  steps  may  be  stated  as  follows  : 

1 .  Crushing  the  ore  preferably  in  a  Blake  crusher. 

2.  Drying. 

3.  Reducing  to  twenty  to  thirty  mesh  preferably  by  rolls. 

4.  Roasting,  unless  it  is  already  almost  completely  oxidized. 

5.  Treating  with  bromine  solution,  preferably  by  agitation  in 
a  barrel,  under  some  circumstances  also  by  percolation  in  vats. 

6.  Drawing  off  the  liquor  and  washing  the  ore  with  weak 
wash  water  from  a  previous  operation,  and  after  that  either  with 
water,  or  else  with  liquor  from  which  the  gold  has  been  precipi- 
tated in  a  previous  operation. 

7.  Adding  to  the  strong  liquor  from  leaching  the  ore  suflScient 
chlorine,  bleaching  powder  and  acid,  potassium  permanganate 
and  acid,  or  some  other  oxidizing  agent,  in  sufficient  quantit)' 
to  liberate  the  bromine  present  as  bromides. 

8.  Distilling  off  the  bromine  by  steam. 

9.  Precipitating  the  gold. 

With  regard  to  the  reduction  of  the  ore  to  a  proper  fineness 
nothing  need  be  said.  It  should  be  done  exactly  as  if  the  ore 
were  to  be  treated  by  chlorination. 

The  roasting,  however,  need  not  with  ores  which  lose  gold  on 
roasting  be  carried  so  far  as  if  the  ore  were  to  be  chlorinated. 
The  reasons  why  this  is  true  are  evident  from  a  consideration  of 
what  has  been  said  with  regard  to  the  differences  in  properties 
between  chlorine  and  bromine;  the  less  powerful  oxidizing 
action  of  the  bromine,  the  greater  solvent  power  on  the  gold,  and 
above  all  the  possibility  of  making  a  strong  solution  of  bromine, 
while  in  chlorination  the  solution  is  wpak,  render  it  possible  to 
stop  the  roasting  at  a  very  much  less  perfect  degree.  The 
advantages  of  this  will  be  apparent  when  the  losses  in  gold, 
which  occur  during  the  last  stages  of  roasting,  are  taken  into 
account,*  losses  which  result  both  from  the  volatility  of  the  gold 
itseH,  and  also  from  the  fine  particles  being  carried  away  by 
the  current  of  air  in  the  furnace.  In  roasting  tellurides  espec- 
ially the  losses  in  gold  are  enormous  if  the  roasting  is  carried 

^  Rose»  Metallurgy  of  Gold,  p.  223. 
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too  far.  Kiistel  records  the  loss  of  twenty  per  cent,  of  the  gold 
present  during  the  oxidizing  roasting  of  certain  tellurides  of 
gold  and  silver,  and  states  that  it  is  not  a  mechanical  loss,  but 
is  due  to  volatilization.  Rose  records  many  other  results  which 
place  beyond  doubt  the  great  advantage  of  restricting  the  roast- 
ing as  much  as  possible.  This  loss  of  gold  toward  the  end  of 
the  roasting  causes  one  of  the  greatest  difficulties  in  chlorina- 
tion.  Since  one  per  cent,  of  sulphur  requires  200  pounds  of 
chlorine  per  ton  of  ore,  the  loss  must  be  bonie  because  it  is 
necessary  to  carry  on  the  roasting  to  a  high  degree,  otherwise 
no  gold  at  all,  or  only  a  part,  will  be  obtained. 

The  mechanical  treatment  of  the  ore  during  the  action  of  the 
bromine  upon  it  is  not  different  in  any  material  way  from  the 
treatment  with  chlorine  ;  the  ore  is  charged  into  the  barrel  in 
the  same  way.  The  bromine  solution  is  added  at  the  bottom, 
through  the  pipe  which  serves  to  draw  it  off  again  after 
the  treatment.  If  the  percolation  process  in  vats  is  used 
the  bromine  solution  is  introduced  into  a  covered  vat,  using  the 
same  precautions  to  avoid  packing  of  the  ore,  etc.,  that  are  now 
used  in  the  vat  process  for  chlorination,  and  in  the  cyanide 
process. 

After  the  ore  has  been  acted  upon  by  the  bromine  solution  for 
a  sufficient  length  of  time  the  liquor  is  drawn  off  at  the  bottom 
and  weak  wash  water  from  a  previous  operation  introduced  at  the 
top  of  the  ore,  the  first  liquor,  which  is  strong,  being  sent  to  a 
strong  liquor  tank,  and  the  subsequent  weaker  liquor  being 
reserved  in  a  weaker  liquor  tank  for  subsequent  use  in  leaching 
ore.  From  the  strong  liquor  tank  the  solution  runs  into  a  still. 
One  form  of  apparatus  which  has  been  used  successfully,  but 
which  is  now  being  superseded  by  an  improved  form  consists 
of  a  covered  stone  tank  heated  by  live  steam,  and  pro- 
vided with  an  outlet  for  the  vapors,  which  leads  to  a  stoneware 
condenser.  Into  the  condenser,  weak  liquor  from  the  weak 
liquor  tank  is  allowed  to  enter  with  the  vapors  and  in  this  way  a 
bromine  .solution  of  the  proper  strength  to  run  into  the  barrel 
with  more  ore  is  obtained.  To  the  liquid  in  the  still,  before 
steam   is  turned  on,    bleaching   powder  and  oil  of  vitrol,  or 
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potassium  permanganate  and  oil  of  vitrol,  is  introduced  in  suffi- 
cient quantity  to  free  the  bromine  present  as  bromides.  The 
chemicals  used  for  this  purpose  in  the  mill  have  been  bleaching 
powder  and  oil  of  vitriol.  It  may  be  asked  why,  if  bleaching 
powder  and  acid  are  to  be  used  to  liberate  the  bromine  from 
bromide,  it  would  not  be  just  as  well  to  treat  the  ore  with  them 
in  the  first  instance  ;  to  this  it  may  be  answered  that  in  the 
process  only  as  much  chlorine  is  used  as  will  liberate  the  amount 
of  bromine  which  has  actually  combined  with  the  ore,  whereas  ia 
chlorination  an  excess  is  used  which  amounts  to  several  times 
this  amount.  After  the  bromine  is  out  of  the  liquid  in  the  still 
it  is  run  hot  into  the  precipitating  tanks,  where  it  may  be  pre- 
cipitated in  any  desired  way.  The  only  difference  between  the 
precipitation  here  and  in  chlorination  is  that  here  there  is  no 
troublesome  excess  of  chlorine  to  be  disposed  of  by  sulphur 
dioxide  or  to  use  up  large  quantities  of  precipitants.  The  pre- 
cipitant actually  used  in  the  mill  has  been  powdered  sulphide  of 
iron,  which  in  the  hot  liquor  precipitates  the  gold  quickly  and 
completely.  The  gold  is  caught  in  a  filter  press  and  refined  as 
usual. 

Where  ores  are  to  be  treated,  in  which  the  gold  is  present  partly 
in  too  large  pieces  to  dissolve  rapidly  in  the  bromine  solution,  the 
washed  ore  must  be  allowed  to  run  over  amalgamated  plates, 
and  as  the  gold  is  in  perfect  condition  to  amalgamate,it  is  easily 
caught. 

The  details  of  the  process  have  been  worked  out  by  the  Nel- 
lie Bly  Gold  Mining  &  Reduction  Co.,  in  Magnolia,  Colorado^ 
using  an  ore  which  has  never  before  been  successfully  treated. 
It  is  a  siliceous  ore  containing  from  S8.00  to  S20.00  in  gold  per 
ton  as  tellurium  compounds  and  nothing  else  of  value.  It  can- 
not be  amalgamated,  concentrated,  treated  by  the  cyanide  pro- 
cess, nor  shipped  to  the  smelters  in  Denver  at  a  profit,  and  con- 
sequently presents  a  very  difficult  problem  which  has,  however, 
been  solved  with  entire  success. 

The  process  is  also  about  to  be  introduced  in  other  localities, 
and  it  seems  entirely  probable  that  it  may  in  the  near  future 
displace  chlorination  to  a  great  extent,  at  least. 

School  op  Mines, 
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A  SIMPLE  METHOD  FOR  DETERMININQ  THE  NEUTRALITY 

OF  THE  AMHONIUn  CITRATE  SOLUTION   USED 

IN  THE  ANALYSIS  OF  FERTILIZERS. 

By  N.  W.  Lord. 
Received  April  6. 1896. 

IT  is  well  known  that  the  preparation  of  a  strictly  neutral  solu- 
tion of  ammonium  citrate  requires  considerable  judgment, 
owing  to  the  uncertainty  of  the  color  change  when  using  ordi- 
nary indicators  in  the  presence  of  salts  of  citric  acid. 

Even  when  using  corallin,  a^  directed  in  the  official  methods 
of  the  Association  of  Official  Agricultural  Chemists,  some  uncer- 
tainty remains.  **  Huston's  Method'*  with  alcoholic  solutions 
of  calcium  chloride,  while  very  exact,  is  a  little  troublesome. 

The  following  method  has  been  in  use  in  my  laboratory  for 
over  a  year  and  has  proved  rapid  and  exact.  I  have  used  it  only 
with  litmus  as  the  indicator  as  the  tint  so  obtained  is  very 
easily  matched,  probably  corallin  or  cochineal  would  do  as  well. 

The  method  consists  in  establishing  an  accurately  neutral 
color  for  comparison,  by  superimposing  two  tubes,  one  contain- 
ing acid  litmus,  and  the  other  alkaline  litmus,  and  looking 
through  both  at  once.  Then  comparing  this  with  the  diluted 
citrate  solution,  colored  to  the  same  depth  with  the  same 
amount  of  litmus  tincture.     The  details  are  as  follows  : 

Add  pure  litmus  solution  to  about  200  cc.  of -neutral  distilled 
water  until  it  is  colored  distinctly,  but  not  deeply.  Take  half 
of  this  and  dilute  further  with  its  own  volume  of  water.  Now 
take  three  clear  fifty  cc.  "Nessler  tubes,'*  fill  two  of  them  with 
the  diluted  liquid,  and  the  third  to  the  same  depth  with  the 
stronger  solution.  To  one  of  the  two  first  add  a  drop  of  dilute 
sulphuric  acid,  to  the  other  a  drop  of  ammonia.  Set  these  tubes 
one  in  front  of  the  other,  so  that  the  light  passes  through  both, 
thus  giving  a  strictly  neutral  purple  color;  a  little  care  will 
enable  one  to  see  them  almost  like  one  tube  against  a  sheet  of 
white  paper  in  a  ground  glass.  It  makes  no  difference  which 
tube  is  in  front.  Now  to  the  liquid  in  the  third  tube  con- 
taining the  stronger  solution  (which  is  obviously  equal  in  color 
depth  to  the  double  thickness  of  the  first  two  tubes),  add  five 
cc.  of  the  citrate  solution  to  be  tested,  and   compare  the  color 
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produced  with  the  color  shown  by  the  doubled  tubes.  The 
slightest  acidity  or  alkalinity  of  the  citrate  is  at  once  shown  by 
difference  of  tint ;  the  test  is  very  sensitive.  The  amount  of 
acid  or  %lkali  needed  to  bring  it  right,  can  then  be  easily  obtained 
by  adding  one-half  normal  sulphuric  acid  or  ammonia ;  then 
by  calculating  to  the  five  cc.  taken,  the  necessary  addition  to 
the  ''stock  ''  solution  can  be  found  and  when  made  the  solution 
re-tested  with  remainder  of  the  colored  water.  The  operation  is 
very  rapidly  performed  and  the  results  surprisingly  exact.  So- 
lutions so  neutralized,  when  testqd  by  Huston's  method,  have 
always  been  found  exactly  correct.  The  litmus  solution  shotdd 
be  prepared  from  the  alcohol  extracted  litmus,  as  directed  by 
Sutton. 
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By  Albert  H.  I«ow. 
Received  March  93.  1896. 

THE  last  edition  of  Dr.  Peters*  Modem  Copper  Smelting  con- 
tains a  description  of  the  writer's  modification  of  the  cop- 
per assay  by  the  iodide  method.  The  following  description  of 
the  same  method  embodies  whatever  changes  have  been  deemed 
desirable  up  to  date  as  the  result  of  almost  daily  work  upon  cop- 
per ores  and  products.  For  the  most  accurate  technical  work  I 
prefer  it  to  all  other  methods.  For  practical  work  it  exceedsthe 
electrolytic  method  in  accuracy,  notwithstanding  that  the  latter, 
when  every  precaution  is  taken,  is  perhaps  theoretically  more 
accurate. 

COPPER   ASSAY  BY  THE   IODIDE   METHOD. 

Prepare  a  solution  of  sodium  hyposulphite  containing  about 
nineteen  grams  of  the  pure  crystals  to  the  liter.  Standardize  as 
follows :  Weigh  accurately  about  0.200  g^am  of  pure  copper  foil 
and  place  in  a  flask  of  about  250  cc.  capacity.  Add  five  cc.  of  a 
mixture  of  equal  volumes  of  strong  nitric  acid  (1.42  sp.  gr.)  and 
water,  and  thoroughly  boil  off  the  red  fumes, — a  very  essential 
point.  Now  remove  from  the  lamp  and  add  six  to  seven  grams 
of  crystallized  zinc  acetate,  roughly  weighed,  and  about  fifteen  cc. 
of  water.  Instead  of  adding  the  of  zinc  acetate  in  this  way*,  a 
cold  saturated  solution  may  be  kept  on  hand  and  about  twenty 
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cc.  taken,  the  additional  fifteen  ec.of  water  being  then  unneces- 
sary. Heat  to  boiling  for  a  moment  and  then  cool  to  ordinary 
temperature,  and  dilute  to  a  bulk  of  about  fifty  cc.  Now  add 
about  three  grams  of  potassium  iodide  and  shake  it  about  gentl}' 
until  dissolved.  Cuprous  iodide  will  be  precipitated  and  iodine 
liberated  according  to  the  following  reaction  :  2(Cu.2C,H,0,)+ 
4KI  =  Cu,I,  +  4(K.C,H,0,)  -f  2I.  The  free  iodine  colors  the 
mixture  brown.  Titrate  at  once  with  the  hyposulphite  solution 
until  the  brown  tinge  has  become  weak  and  then  add  sufficient 
starch  liquor  to  produce  a  marked  blue  coloration.  Now  con- 
tinue the  titration  cautiously  until  the  blue  tinge  has  entirely 
vanished.  When  almost  at  the  end  allow  a  little  time  after 
the  addition  of  each  drop  to  avoid  passing  the  point.  One  cc.  of 
the  hyposulphite  solution  will  be  found  to  correspond  to  about 
0.005  gram  of  copper.  In  the  assaying  of  ores,  etc.,  when  half 
a  gram  is  taken,  one  cc.  of  the  standard  hyposulphite  would 
then  equal  about  one  per  cent,  copper.  The  reaction  between 
the  hyposulphite  and  the  iodine  is:  2(Na,S,0,)-h2l  =  2NaI  + 
Na,S«Oe.  Sodium  iodide  and  tetrathionate  are  formed.  The 
starch  liquor  may  be  made  by  boiling  about  half  a  gram  of 
starch  with  a  little  water  and  diluting  with  hot  water  to  about 
250  cc.  It  should  be  used  cold  and  must  be  prepared  frequently 
for  regular  work,  as  it  does  not  keep  very  well.  The  hyposul- 
phite solution  made  of  the  pure  crystals  and  distilled  water 
appears  to  be  very  stable,  showing  no  appreciable  variation  at 
the  end  of  a  month,  when  kept  under  reasonable  conditions. 

TREATMENT  OF  ORES. 

Treat  half  a  gram  of  the  ore  in  a  flask  of  250  cc.  capacity 
with  five  or  six  cc.  of  strong  nitric  acid  and  boil  gently  nearly 
to  dryness.  Then  add  five  cc.  of  strong  hydrochloric  acid  and 
again  boil.  As  soon  as  the  incrusted  matter  has  dissolved  add 
five  cc.  of  strong  sulphuric  acid  and  heat  strongly,  best  by 
manipulating  the  flask  in  a  holder  over  a  small  naked  flame, 
until  the  more  volatile  acids  are  expelled  and  the  fumes  of  the 
sulphuric  acid  are  coming  off  freely.  Allow  to  cool  and  then 
add  twenty  cc.  of  cold  water  and  heat  the  mixture  to  boiling  to 
thoroughly  dissolve  any  anhydrous  sulphates  of  iron,  etc.    Now 
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filter  to  remove  more  especially  any  lead  sulphate  and  receive 
the  filtrate  in  a  beaker  about  two  and  one-half  inches  in  diam- 
eter. Wash  the  flask  and  filter  with  hot  water  and  endeavor  to 
keep  th^  volume  of  the  filtrate  down  to  about  fifty  or  sixty  cc. 
Place  in  the  beaker  two  pieces  of  sheet  aluminum,  which,  for  the 
sake  of  convenience  in  subsequent  washing,  may  be  prepared  as 
follows :  Stout  sheet  aluminum,  say  about  one-sixteenth  of  an 
inch  in  thickness,  is  cut  into  pieces  an  inch  and  a  half  square, 
and  then  the  four  corners  are  bent,  for  about  a  quarter  of  an 
inch,  alternately  up  and  down  at  right  angles.  This  scheme 
prevents  the  pieces  from  lying  flat  against  each  other  or  upon 
the  bottom  of  the  beaker,  and  their  washing  is  thus  facilitated. 
The  same  pieces  of  aluminum  may  be  used  repeatedly,  as  they 
are  but  little  attacked  each  time.  Add  five  cc.  of  strong  sul- 
phuric acid,  cover  the  beaker  and  heat  to  boiling.  Boil  strongly 
for  about  seven  minutes.  Unless  the  bulk  of  the  solution  is 
excessive  this  will  be  quite  sufficient  with  all  percentages  of  cop- 
per. Ordinarily  the  aluminum  will  be  found  to  be  clean  and 
nearly  or  quite  free  from  precipitated  copper.  If,  by  chance,  the 
copper  adheres  to  any  considerable  extent,  it  ^411  usually  become 
loosened  by  a  little  additional.boiling,  or  it  may  be  removed  by 
the  aid  of  a  glass  rod.  Transfer  the  solution  back  to  the  origi- 
nal flask,  and,  by  means  of  a  wash  bottle  of  hot  water,  rinse  in 
also  as  much  of  the  copper  as  possible,  leaving  the  aluminum 
behind.  Drain  the  beaker  as  completely  as  possible  and  tem- 
porarily set  it  aside  with  the  aluminum  which  may  still  retain  a 
little  copper.  Allow  the  copper  in  the  flask  to  settle  and  then 
decant  the  liquid  through  a  filter.  Again  wash  the  copper  similarly 
two  or  three  times  with  a  little  hot  water,  retaining  it  as  com- 
pletely as  possible  in  the  flask.  Finally  wash  the  filter  once  or 
twice  and  endeavor  to  rinse  all  metallic  particles  down  into  the 
point.  Now  pour  upon  the  aluminum  in  the  beaker  five  cc.  of  a  mix- 
ture of  equal  volumes  of  strong  nitric  acid  (1.42  sp.  gr.)  and  water 
and  warm  the  beaker  gently,  but  do  not  heat  to  boiling,  as  the 
aluminum  would  be  thereby  unnecessarily  attacked.  See  that 
any  copper  present  is  dissolved  and  pour  the  warm  solution  through 
the  filter  last  used,  thus  dissolving  any  contained  particles  of 
copper,  and  receive  the  filtrate  in  the  flask  containing  the  main 
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portion  of  the  copper.  At  this  stage  do  not  wash  either  the 
aluminum  or  the  filter,  but  simply  remove  the  flask  and  set  the 
beaker  in  its  place.  Heat  the  mixture  in  the  flask  to  boiling 
and  see  that  all  the  copper  is  dissolved.  Then  add  about  half  a 
gram  of  potassium  chlorate  and  again  boil  for  a  moment.  This 
is  to  oxidize  any  arsenic  present  to  arsenic  acid  and  is  a  very 
important  point.  Remove  the  flask  from  the  lamp  and  again 
place  it  under  the  funnel  and  wash  the  beaker,  aluminum  and 
filter  with  as  little  hot  water  as  possible.  Again  boil  sufficiently 
to  remove  every  trace  of  red  fumes.  All  the  copper  is  now  in 
the  flask  as  nitrate.  Add  the  zinc  acetate  and  proceed  from  this 
point  precisely'  as  described  with  the  original  nitrate  of  copper 
solution  in  the  standardization  of  the  hyposulphite,  finally  cal- 
culating the  percentage  of  copper  present  from  the  amount  of 
standard  hyposulphite  required.  One  point,  however,  remains 
to  be  further  explained.  According  to  the  equation  previously 
given,  half  a  gram  of  pure  copper  requires  2.62  grams  of 
potassium  iodide.  While  direct  experiment  shows  this  to  be 
apparently  true,  yet  it  is  found  that  with  small  percentages  of 
copper,  the  reaction,  when  Dnly  the  theoretical  amount  of  potas- 
sium iodide  is  taken,  is  slow  and  in  fact  does  not  appear  to  pro- 
ceed to  completion  until  during  the  titration,  which  is  thereby 
unduly  prolonged.  It  is  therefore  best  to  use  not  less  than  three 
grams  of  potassium  iodide  in  any  case.  An  excess  does  no 
harm.  Silver  does  not  interfere  with  the  method.  Lead  and 
bismuth  are  without  effect,  except  that  by  forming  yellowish 
iodides  they  may  mask  the  end-point  before  adding  starch.  Lead 
is  practicallj'  removed  as  sulphate  at  a  previous  stage.  If  bis- 
much  is  suspected  in  any  appreciable  amount,  simpl}-  add  the 
starch  earlier  in  the  titration.  Arsenic  when  oxidized  as 
described  has  no  influence.  The  return  of  the  blue  tinge  in  the 
liquid  by  long  standing  after  titration  is  of  no  significance,  but  a 
quick  return  of  the  color,  which  an  additional  drop  or  two  of  the 
hyposulphite  does  not  permanently  destroy,  may  indicate  either 
an  incomplete  combination  of  all  the  nitric  acid  with  zinc, 
or  a  failure  to  completely  boil  off  the  red  fumes  when  dissolving 
the  copper  in  nitric  acid.  The  assay  in  such  a  case  is  spoiled. 
This  trouble  maj*  be  avoided  by  carefully  following  the  directions 
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given  and  not  guessing  at  strengths  or  quantities.  The  amount 
of  zinc  acetate  recommended  is  a  safe  excess.  Sodium 
acetate  does  not  appear  to  work  as  satisfactorily. 

For  the  assay  of  alloys,  etc.,  the  necessary  modifications  of 
the  foregoing  scheme  are  obvious. 

The  foregoing  scheme  directs  the  use  of  five  cc.  of  dilute  nitric 
acid  for  dissolving  the  copper  previous  to  titration  and  prescribes 
six  to  seven  grams,  or  about  twenty  cc.  of  a  saturated  solution 
of  zinc  acetate  as  a  safe  excess  of  neutralizing  agent.  It  is  ob- 
vious that  if  most  of  the  nitric  acid  be  boiled  away  the  amount 
of  zinc  salt  necessary  is  greatly  reduced.  In  such  a  case,  how- 
ever, it  is  perhaps  best,  for  safety's  sake,  not  to  use  less  than 
one-half  the  prescribed  quantity.  Half  the  zinc  salt  may  thus 
be  saved  at  the  expense  of  a  little  more  time.  This  is  the  ordi- 
nary practice  in  my  own  laboratory. 

Denver,  Colorado. 


ON  TWO  SOURCES  OF  ERROR  IN  SUGAR  HOUSE 

ANALYSES. 

By  Edmund  C.  Sb«rby. 

Received  March  zo.  zSgd. 

INCIDENTAL  to  the  study  of  the  action  of  water  of  different 
temperatures  on  bagasse,  I  have  had  occasion  to  make  some 
determinations  which  throw  some  light  on  a  source  of  error  in 
fiber  determinations. 

Finely  cut  cane  was  washed  with  cold  water  until  the  polari- 
scope  reading  in  a  twenty  cm.  tube  was  o  ;  the  excess  of  water 
squeezed  out  in  a  press,  and  three  portions  of  fifty  grams  each 
taken.  In  one  the  moisture  was  determined  by  drying  to  con- 
stant weight  in  an  air  bath  at  105**  C;  the  two  others  were 
treated  with  boiling  water ;  one  for  five  minutes  and  the  other 
for  two  hours.  The  quantity  of  water  used  was  in  each  case 
just  suflBcient  to  cover  the  cane  chips,  and  at  the  expiration  of 
the  time  the  water  and  the  chips  were  poured  on  a  filter  and 
washed  four  times  with  cold  water,  using  each  time  the  same 
quantity  of  wash  water  as  was  used  in  the  original  treatment. 
The  filtrate  so  obtained  was  evaporated  to  dryness  over  a  water- 
bath,  dried  at  105°  C,  and  calculated  to  percentage  of  dry  sub- 
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Stance  left  after  the  exhaustion  of  sucrose  with  cold  water.  The 
filtrates  obtained  were  decidedly  milky,  and  this  no  amount  of 
filtering  would  ^^emove.  A  portion  of  filtrate  on  standing  undis- 
turbed for  six  days  had  not  become  less  milky,  and  had  thrown 
down  no  deposit. 

The  cane  was  prepared  by  cutting  to  fineness  of  saw  dust  in  a 
meat  chopper,  and  determinations  have  in  all  cases  been  made 
in  duplicate. 

The  mean  of  six  fairly  mean  concordant  determinations  is  as 
follows : 

(i)  Treatment  for  five  minutes  with  boiling  water  extracted 
seven  and  two-tenths  per  cent,  of  dry  substance. 

(2).  Treatment  for  two  hours  with  boiling  water  extracted 
twelve  per  cent,  of  dry  substance. 

To  show  the  amount  of  error  likely  to  result  from  using  vary- 
ing quantities  of  water  and  varying  the  time  of  boiling ;  suppose 
that  the  fiber  and  dry  substance  from  the  treatment  with  cold 
water  was  ten  per  cent,  of  cane,  we  would  have  : 

Per  cent. 

Fiber  extraction  with  cold  water lo.o 

**  *  *  •*  hot  water  five  hours 9.3 

"  *'      *•        *«    twohours 8.8 

Dr.  Beeson,  of  Audubon  Park  Sugar  School,  has  pointed  out 
in  this  Journal  the  errors  in  fiber  determinations  likely  to  result 
from  the  varying  amounts  of  fiber  in  different  parts  of  the  same 
stalk  of  cane.  This  can  be  overcome,  I  think,  by  taking  a  suf- 
ficiently large  sample  and  reducing  it  to  a  very  fine  state  of  divi- 
sion; but  if  fiber  determinations  by  different  chemists  are  to  be 
comparable,  some  uniform  method  must  be  agreed  upon.  This 
method  should  provide  for  the  fineness  of  division  of  cane  or 
bagasse,  the  quantity  of  sample  to  be  taken,  the  quantity  of 
water  to  be  used,  the  number  of  times  washing,  and  the  length 
of  time  of  boiling. 

In  calculating  the  extraction  by  formulas  similar  to  those  given 
by  M.  Trubek  in  this  Journal  (Dec,  1895),  I  prefer  to  dry  the 
residue  from  alcoholic  extraction  and  call  this  fiber.  The  object 
being  simply  to  compare  the  fiber  in  the  cane  with  that  in  the 
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bagasse,  and  this  method  I  find  gives  more  uniform  results  with 
a  minimum  of  labor. 

A  second  source  of  error  in  sugar  house  anal3'ses  te  which  I 
wish  to  draw  attention  is  in  the  determination  of  albuminoid 
nitrogen  as  commonly  carried  out. 

In  the  official  method  for  albuminoid  nitrogen  in  finding  stuffs 
the  directions  are  to  heat  to  boiling,  add  cupric  hydrate,  filter 
when  cold  and  wash  with  cold  water.  In  the  determinations  of 
albuminoid  nitrogen  in  cane  juice  made  by  W.  Maxwell,  and 
published  by  him  in  a  Bulletin  of  Louisiana  Experiment  Sta- 
tion, this  method  was  modified,  but  for  what  reason  I  am  unable 
to  say.  According  to  this  modified  method  the  juice  was 
heated  to  boiling,  cupric  hydroxide  added,  boiled  ten  minutes,  fil- 
tered hot  and  washed  with  hot  water.  Both  these  methods 
introduce  a  serious  error,  owing  to  the  fact  that  when  cane  juice 
in  its  natural  acid  condition  is  heated  a  change  is  brought  about 
in  the  aluminoid  nitrogen  contained  therein,  and  in  consequence 
the  amount  of  aluniinoids  as  determined  by  either  of  these 
methods  is  not  really  that  which  is  in  the  juice  in  the  plant,  but 
that  which  is  left  from  the  action  of  heat  and  the  acid  in  the 
juice. 

During  the  past  two  years  I  have  made  a  large  number  of 
determinations,  as  follows:  I.  Total  nitrogen  in  juice;  II. 
Albuminoid  nitrogen  in  cold  juice  ;  III.  Albuminoid  nitrogen 
in  juice  which  had  been  heated  to  ji'^-yi'^  C. ;  IV.  Albuminoid 
nitrogen  in  juice  which  had  been  boiled  one  minute.  For  total 
nitrogen  the  Gunning  method  was  used,  and  for  albuminods 
cupric  hydroxide  was  added  to  cold  juice,  filtered  cold  and 
washed  with  cold  water,  the  precipitate  and  filter  paper  treated 
by  Gunning  method.  In  each  case  twentj'  cc.  of  juice  have 
been  used,  and  the  results  calculated  to  percentage  of  total  solids 
as  given  by  Brix  spindle  ;  the  difference  between  total  nitrogen 
and  albuminoids  has  been  called  amides  and  calculated  to 
asparagins. 

As  the  results  have  been  the  same  in  all  cases,  I  give  below 
two  analyses  which  I  have  already  communicated  to  the  Planter's 
Monthly,   (Honolulu). 
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I-  Brix,  17.3;  Purity,  91. 

N 
Acidity,  100  cc.  juice  =  ten  cc.  —  alkali. 

Total  nitrogen  1. 115  per  cent,  of  total  solids. 

Per  cent,  of  nitrogen  compounds. 
Albuminoids.  Amines. 

Cold  juice 95.5  4.5 

Juice  heated  71^-72°  C 87.5  12.5 

Juice  boiled  one  minute 86.7  13.3 

2.  Brix,  18.2  ;  Purity,  90.9. 

N 
Acidity,  100  cc.  juice  =  11.3  cc.  —  alkali. 

Total  nitrogen  i  .032  per  cent,  of  total  solids. 

Per  cent,  of  nitrogen  compounds. 
Albuminoids.  Amines. 

Cold  juice 93.5  6.5 

Juice  heated  71*^-72^  C 81.4  18.6 

Juice  boiled  one  minute 77.4  22.6 

Although  I  have  in  these  analyses  designated  the  body  or 
bodies  formed  from  the  albuminoids  by  heat  amines,  I  am  of  the 
opinion  for  several  reasons  that  they  are  peptones  or  soluble 
albuminoids.  I  am  at  present  investigating  the  matter.  What- 
ever they  are,  the  fact  remains  that  the  albuminoid  nitrogen 
determinations  on  cane  juice  as  carried  out  by  any  method  which 
calls  for  the  heating  of  the  raw  acid  juice  are  not  reliable. 

Laboratory  Kohala  Sugar  Co.. 
KoHALA.  Hawaii. 
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BERTHELOT'S  CONTRIBUTIONS  TO  THE  HISTORY 

OF  CHEMISTRY/ 

Marcellin  Berthelot,  Professor  of  Chemistry  in  the  College  dc 
France,  Perpetual  Secretary  of  the  Academy  of  Sciences,  Sena- 
tor, Minister  of  Public  Instruction,  and  recently  appointed  Min- 
ister of  Foreign  Affairs,  known  to  the  scientific  world  by  his 
masterly  researches  in  synthetical  chemistry,  has  added  to  these 
honors  that  of  editing  the  most  important  and  far-reaching  doc- 
uments pertaining  to  the  history  of  chemistry  ever  brought  to 
light. 

The  six  handsome  quarto  volumes  published  by  him  between 
the  years  1887  and  1893,  contain  the  most  ancient  Greek, 
Arabic,  Syriac,  and  Latin  treatises  on  alchemy  and  technical 
chemistry  preserved  in  the  great  libraries  of  the  Old  World. 
Besides  reproducing  the  original  text  of  these  precious  manu- 
scripts, these  volumes  contain  complete  translations  of  many 
treatises,  analyses  of  the  contents  of  others,  and  critical  studies 
of  their  mutual  relations,  their  sources  and  authorship,  as  well 
as  erudite  essays  on  the  chemical  knowledge  exhibited  in  them. 
The  six  volumes  form  two  distinct  works :  three  of  the  volumes 
bear  the  title:  **  Collection  des  anciens  Alchimistes  Grecs," 
and  three  of  them,  **Lachimie  au  moyen  Age,"  each  volume 
having,  moreover,  specific  sub-titles  more  exactly  indicating  its 
contents. 

Not  having  seen  smy  adequate  review  of  these  works  in  Eng- 
lish, I  propose  in  this  article  to  examine  their  scope,  contents, 
and  manner  of  treatment,  as  well  as  to  show  some  of  the  more 
important  changes  resulting  from  Berthelot*  s  historical  studies. 
The  existence  of  ancient  Greek  and  Arabian  manuscripts  had 
long  been  known;  Reuvens,  and  later  Leemans,  of  Holland, 
had  published  summaries  of  certain  papyri  preserved  in  Leyden, 
more  than  forty  years  before,  but  in  such  a  fragmentary  man- 
ner as  merely  to  excite  curiosity:  Ferdinand  Hoefer,  the  French 
historian  of  chemistry,  and  Herman  Kopp,  the  erudite  German, 
had  made  partial  use  of  some  of  the  manuscripts,  but  it  remained 
for  Berthelot  to  collect  and  compare  the  diverse  copies,  to  repro- 
duce and  translate  them  for  the  benefit  of  students.  This  he 
could  scarcely  have  accomplished  without  the  aid  of  the  French 
Government,  both  series  being  **published  under  the  auspices 
of  the  Minister  of  Public  Instruction."  Government  coopera- 
tion was  brought  about  through  a  report  made  by  Berthelot  to 

iRead  before  the  Washington  Section  of  the  American  Chemical  Society,  March  13,1896. 
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the  **cotnit6  des  travaux  historiques  et  scientifiques,**  and 
adopted  by  them  in  1884.  This  report  directed  attention  to  the 
existence  of  Greek  alchemical  manuscripts  and  to  the  utility  of 
their  publication,  owing  to  the  great  light  they  throw  on  the 
history  of  natural  science,  the  technology  of  metals  and  cera- 
mics, and  the  history  of  philosophy  in  the  first  centuries  of  the 
Christian  era. 

The  difficulties  of  deciphering,  transcribing,  and  editing 
Greek,  Arabic,  Syriac  and  Latin  manuscripts  were  prodigious, 
and  Berthelot  was  fortunate  in  securing  scholars  of  eminence  to 
assist  in  the  task.  In  dealing  with  the  Greek  papyri,  he  was 
aided  by  Ch.  Em.  Ruelle,  of  the  Bibliothfeque  Sainte  Genevifeve, 
Paris,  and  by  Andr6  Berthelot,  son  of  the  editor;  the  Arabic 
scholar,  Professor  Houdas,  and  the  Syriac  linguist,  Rubens  Du- 
val, also  contributed  their  learning,  each  in  his  own  sphere. 

The  "Collection  des  Alchimistes  Grecs,'*  opens  with  an  '*  In- 
troduction "  by  Berthelot,  which  occupies  268  pages ;  this  forms 
an  important  contribution  to  the  history  of  chemistry,  based 
upon  a  critical  study  of  the  ancient  treatises  ;  he  agrees  with 
other  historians  in  tracing  the  birth  of  alchemical  ideas  to 
Egyptians,  whence  they  reached  Europe  through  Greeks. 

Certain  Greco-Egyptian  papyri,  preserved  in  Leyden,  are  of 
the  greatest  interest ;  several  of  them  treat  of  magical  formulas, 
incantations,  love  philtres,  dreams,  and  similar  gnostic  notions ; 
one  of  them,  known  as  *'  Papyrus  X,"  is  a  treasury  of  informa- 
tion on  metallurgical  operations,  at  so  early  a  period  as  the 
third  century  of  the  Christian  era.  It  was  found  in  a  tomb  at 
Thebes,  secured  by  the  Swedish  Consul  at  Alexandria,  Anas- 
tasi,  and  presented  by  him  to  the  Netherlands  in  1828.  Berthe- 
lot conjectures  it  is  one  of  the  ancient  Egyptian  books  on  the 
preparation  of  gold  and  silver,  which  escaped  the  destruction 
ordered  by  Diocletian  in  290 ;  an  order  issued  lest  the  people 
using  them  should  grow  rich  by  their  art  and  revolt  against  the 
Romans. 

This  precious  document  contains  one  hundred  and  one  chem- 
ical and  alchemical  recipes,  followed  by  ten  paragraphs  taken 
from  Dioscorides.  The  recipes  are  for  making  alloys  to  be  used 
in  the  manufacture  of  cups,  vases,  images,  and  other  objects  of 
the  goldsmith's  art,  also  processes  for  soldering  metals  and  su- 
perficially coloring  them,  besides  formulas  for  making  gold  and 
silver  inks.  The  text  is  full  of  grammatical  errors  and  igno- 
rant spellings,  which  show  the  writing  to  have  been  the  work  of 
an  uneducated  artisan ;  the  recipes  are  not  arranged  in  order, 
several  appear  in  du'plicate;  they  exhibit  no  indication  of 
chicaner}',  although  some  of  the  methods  are  unprofitable.   The 
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whole  papyrus,  in  short,  is  evidently  the  memorandum-book  of 
a  goldsmith  (or >  silversmith),  engaged  in  attempts  to  imitate 
gold  and  silver  for  fraudulent  purposes.  Only  one  author  is 
cited,  **Phimenas,*'  who  is  probably  Pammenes,  author  of  recipes 
occuring  also  in  other  manuscripts.  The  preparation  of  asetn, 
an  amalgam  of  copper  and  tin,  plays  a  prominent  part  among 
the  recipes  for  imitating  gold.  But  time  forbids  a  full  analysis  of 
this  remarkable  manuscript ;  as  a  result  of  Berthelot's  careful 
study  of  this  and  analogous  treatises,  he  comes  to  the  conclusion 
that  the  doctrines  of  alchemy  concerning  the  transmutation  of 
metals  did  not  originate  in  the  philosophical  views  of  the  consti- 
tution of  matter,  as  generally  supposed,  but  in  the  practical 
experiments  of  goldsmiths  occupied  in  making  fraudulent  sub- 
stitutes for  the  precious  metals.  The  *'  Introduction  "  contains 
a  chapter  on  the  relations  between  the  metals  and  the  planets, 
of  Chaldean  origin,  and  constant  occurrence  in  the  early  writ- 
ings, which  is  illustrated  by  facsimiles  of  several  manuscript 
pages.  Another  chaptef  is  devoted  to  the  figures  of  apparatus 
occurring  in  the  treatises  of  the  eleventh  to  fourteenth  centuries; 
these  include  water-baths,  digestors,  aludels,  alembics  and  a  great 
variety  of  apparatus  for  distillation. 

The  sixth  chapter  of  the  introduction  is  divided  into  twelve 
sections ;  these  deal  with  several  Greek  manuscripts,  notably 
those  preserved  in  the  libraries  of  St.  Mark,  Venice,  tiie  Escurial, 
the  Vatican,  Rome,  Gotha,  and  in  Munich,  appertaining  to 
the  eleventh  to  fourteenth  centuries  ;  of  these  we  note  only  a  few 
features.  At  the  beginning  of  the  MS.  of  St.  Mark  is  one  of  the 
earliest  of  chemical  bibliographies ;  it  gives  the  title  of  fifty-two 
treatises,  verily  not  in  modem  style,  yet  quite  suggestive ;  among 
them  are  the  following:  ** Emperor  Heraclius,  eleven  chapters  on 
the  manufacture  of  gold.  *  *  *  Justinian,  five  chapters  on  the  secret 
art."  **  Heliodorus,  on  the  divine  art."  * '  Theophrastus, 
verses  on  this  art."  **  Moses,  on  the  diplosis  (doubling)  of 
gold."     **  Lexicon  of  the  gold  maker,  in  alphabetical  order.** 

This  association  of  names  of  Emperors  of  Rome,  Greek  clas- 
sical writers  and  the  Hebrew  law  giver  with  chemical  and 
alchemical  treatises  is  characteristic  of  the  period  at  which  they 
were  compiled  and  by  no  means  denotes  actual  authorship ;  the 
names  of  prominent  men  were  given  to  the  treatises  in  order  to 
add  to  the  dignity  and  authority  of  the  writings.  This  custom 
prevailed  as  late  as  the  sixteenth  centur>\  and  in  certain  cases 
to  be  noted  hereafter,  gave  rise  to  undeser\'ed  honors.  An  entire 
group  of  writings  have  been  ascribed  to  Democritus,  giving  rise 
in  Egypt  to  what  may  be  styled  the  school  of  Democritus.  A 
certain  Zosimus  of  Panoplis  is  credited  with  a  veritable  ency- 
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clopedia  of  the  sacred  art,  a  work  which  occupies  ninety  pages 
of  Berthelot*s  volume. 

The  Collection  des  Alchimistes  Grecs  comprises  no  less  than 
160  different  treatises  on  jthe  science  of  Hermes.  Many  of  these 
are  fragmentary  m  the  extreme,  extending  to  only  six  lines,  and 
even  less.  All  are  composed  in  an  archaic,  enigmatical  style, 
combining  in  one  undecipherable  medley,  chemical  terms  of 
obscure  meaning,  magical  formulas,  astrological  notions,  cita- 
tions from  mythical  authors,  and  mystical  allusions  to  a  philo- 
sophy long  since  buried  too  deep  for  present  resurrection.  It  is 
not  surprising  that  commentators  early  felt  the  need  of  lexicons 
of  the  sacred  art,  and  such  are  preserved  in  these  volumes  ;  un- 
fortunately, however,  the  definitions  are  no  clearer  than  the 
words  defined  ;  one  word 'was  often  used  for  a  score  of  different 
objects  and  processes,  and  a  single  article  was  known  by  a  dozen 
different  names.  To  convey  to  readers  any  idea  of  these  extra- 
ordinary literary  productions  by  citations,  is  hardly  practicable 
in  the  space  available,  for  passages  lose  much  when  removed 
from  their  original  settings.  The  actual  chemical  knowledge 
exhibited  in  these  ancient  manuscripts  is  varied,  and  yet  indefi- 
nite, owing  to  the  numerous  obscur-i  expressions  ;  the  authors 
were  acquainted  with  a  large  number  of  ores,  minerals,  earthy 
substances,  and  saline  bodies,  as  well  as  vegetable  and  animal 
products,  but  their  ignorance  of  the  mineral  acids  and  their 
important  derivatives,  limited  them  to  products  obtained  by 
aqueous  solution,  distillation  and  the  action  of  heat.  Of  scien- 
tifically classified  knowledge  there  is  no  trace  ;  the  alleged 
opinions  of  mythical  writers  are  given  as  authoritative,  and 
information  is  imparted  in  the  tedious  form  of  dialogues  between 
philosophers,  who  remind  one  of  the  Scotchman's  definition  of 
metaphj'sicians  :  '  *  Poor  bodies  discussing  things  of  which  they 
know  nothing,  in  a  language  neither  of  them  can  understand.*' 
Many  of  the  writings  contain  reverent  acknowledgements  of  the 
Deity  and  other  evidences  of. piety.  There  is  a  good  deal  of 
duplication,  arising  from  the  introduction  into  an  essay  of  pas- 
sages from  another,  generally  without  acknowledgement. 

Berthelot  remarks  incidentally  that  the  term  Philosophers' 
Stone  does  not  occur  in  writings  earlier  than  the  seventh  century, 
although  the  central  idea  is  much  more  ancient. 

Each  of  the  three  quarto  volumes  which  constitute  Berthelot* s 
"  La  chimie  au  moyen  dge  *'  bears  an  independent  title ;  that  of 
the  first  volume  reads :  * '  Essay  on  the  transmission  of  the 
knowledge  of  Antiquity  to  the  Middle  Ages;  transmission  of 
technology ;  translations  of  Arabico- Latin  treatises,  with  a  new 
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version  of  the  Liber  Ignium  of  Marcus  Graecus,  and  an  original 
edition  of  the  Liber  Sacerdotumy 

This  volume  covers  the  period  from  the  fall  of  the  Roman 
Empire  to  the  thirteenth  century,  thus  filling  the  gap  between  the 
ancient  Greek  alchemists  and  the  Latin  writers  of  the  later  epoch, 
a  period  which  had  been  previously  unworked  or  misunderstood. 
Berthelot  finds  that  the  transmission  from  the  earlier  to  the  later 
era  was  accomplished  by  two  agencies  ;  first  through  the  Ara- 
bians, who  succeeded  to  the  literary  and  scientific  wealth  of  the 
Greeks.  The  Arabic  treatises,  preserved  in  the  Mohammedan 
libraries  of  Spain,  were  translated  into  Latin  and  thus  became 
for  Western  nations  the  sources  of  their  knowledge  in  medicine, 
alchemy,  mathematics  and  philosophy.  Some  of  these  transla- 
tions were  collected  and  printed  in  the  seventeenth  century  in  the 
works  entitled  Theatrwn  chemicum^  (5  vols.,  1613-22),  and 
Bibliotheca  cheniica,  of  Mangetus,  (2  vols.,  folio,  1702),  and  Ber- 
thelot discovered  in  these  Arabico-Latin  treatises  entire  passages 
from  the  ancient  Greek  Alchemists. 

The  connection  between  the  Greeks  and  Arabians  was  not 
however  immediate,  but  through  the  Syrians,  who  were  among 
the  first  to  translate  the  philosophy  and  science  of  the  Greeks 
into  an  oriental  tongue.  These  Syraic  versions  form  the  subject 
of  the  second  volume. 

A  second  link  between  the  Greeks  and  the  Latin  alchemy  was 
more  directly  forged,  though  difficult  of  recognition  ;  the  pro- 
cesses used  in  industrial  arts  and  metallurgical  operations  by 
the  Greeks  had  been  adopted  by  the  Latins  as  early  as  the  time 
of  the  Roman  Empire,  and  this  chemical  technology  was  pre- 
served through  centuries  of  intellectual  degradation  to  the 
beginning  of  the  Middle  Ages. 

The  most  ancient  Latin  treatises  on  chemical  technology  are 
the  Compositiones  ad tingefida ,  dating  from  the  close  of  the  eighth 
centur\',  and  the  Mappa  clavicula.vrdXX^n  before  the  tenth  century. 
These  are  collections  of  recipes  for  industrial  processes  analo- 
gous to  those  in  the  Lej-den  papyrus,  and  forming  links  in  a 
chain  that  extends  from  that  ancient  work  through  the  treatises 
of  the  Middle  Ages  to  the  modem  **  Workshop  Recipes"  and 
•*  Manuels  Rorets."  The  full  title  of  the  Composiiianes  ad  tin- 
genda  is  as  follows:  [Translation.]  **  Recipes  for  coloring 
mosaics,  skins  and  other  objects,  for  gilding  iron,  for  using 
minerals,  for  writing  in  letters  of  gold,  for  soldering  metals,  and 
other  technical  documents.**  The  following  are  some  of  the 
subjects  treated  :  The  coloring  of  artificial  stones,  used  in  the 
manufacture  of  mosaics  ;  the  manufacture  of  stained  glass ;  the 
dying  of  skins  in  purple,  green,  yellow  and  reds ;  the  dyeing  of 
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wood,  bone  and  horn  ;  a  list  of  ores,  metals,  earths  and  metallic 
oxides  used  in  jewelry  and  in  painting ;  a  number  of  recipes 
for  gilding  on  glass,  wood,  skins,  garments,  and  the  metals.  All 
these  topics  are  treated  in  D^rbarous  Latin,  bordering  on  a 
species  of  jargon  ;  some  were  originally  written  in  Greek  and 
copied  by  ignorant  scribes  in  Latin  letters,  which  shows  the 
influence  of  Constantinople.  In  one  of  the  sections  on  ores,  the 
word  **  vitriol"  occurs  for  the  first  time,  being  the  eighth  century, 
and  in  the  correct  significance  of  an  impure  ferrous  sulphate.  A 
very  rational  grouping  of  substances  occurs  in  this  work,  the 
minerals  and  earths  are  by  themselves,  then  follow  gums,  rosins 
and  other  products  of  plants,  and  thirdly  substances  derived  from 
the  ocean,  such  as  salt,  coral  and  moUusks  yielding  purple  dye. 
A  certain  recipe  for  writing  in  letters  of  gold  is  practically  iden- 
tical with  one  in  the  Papyrus  of  Leyden. 

A  formula  for  making  bronze  shows  the  origin  of  this  name, 
De  compositio  brandisii,  Brindes  being  a  synonym  of  Brundu- 
sium,  (Brindisi),  a  town  noted  in  Pliny's  day  for  its  metallic 
mirrors. 

A  large  part  of  Composittones  ad  Hngenda  is  reproduced  in  the 
work  entitled  Mappce  clavicula,  of  which  the  earliest  known 
manuscript  dates  from  the  tenth  century.  This  latter  treatise  con- 
tains recipes  for  making  gold,  for  multiplying  gold  and  imitat- 
ing the  precious  metal,  closely  resembling  those  of  the  ancient 
Greek  papyri.  In  this  connection  cautions  are  given  to  conceal 
the  secrets,  and  an  incantation  is  prescribed  to  be  used  during 
the  operation.  Exceeding  interest  attaches  to  the  fact  that  the 
use  of  the  hydrostatic  balance  in  analysis  of  an  alloy  is  clearly 
described,  for  this  proves  that  the  knowledge  of  this  instrument 
did  not  pass  through  Arabian  channels,  and  possibly  came  down 
direct  from  Archimedes. 

The  Liber  ignium  ad  comburendos  hostes,  by  Marcus  Graecus, 
is  one  of  the  most  ancient  Latin  treatises  on  Greek  fire,  dating 
from  the  twelfth  or  thirteenth  century,  and  is  probably  a  translation 
from  an  earlier  Greek  work  transmitted  through  Arabian  chan- 
nels. It  deals  with  instructions  for  making  Greek  fire,  so  called, 
phosphorescent  materials,  fire-proofing  substances,  and  the  prep- 
aration of  fuses  and  petards,  composed  in  part  of  saltpeter.  Greek 
fire  itself,  however,  dates  from  the  second  century,  B.  C,  and 
phosphorescent  stones  are  named  in  the  much  earlier  Greek 
alchemical  manuscripts. 

Berth^lot  devotes  an  interesting  chapter  to  the  discovery  of 
alcohol.  This  product  of  distillation  first  appears  under  the 
name  aqtui  ardens,  and  the  term  alcohol  in  its  present  signifi- 
cation does  not  occur  before  the  middle  of  the  fourteenth  century ;  the 


472  REVIEW. 

term  spiritus  vini  is  also  comparatively  modem,  and  aqua  vitae 
seems  to  have  been  applied  to  alcohol  for  the  first  time  by 
Arnald  de  Villanova,  who  died  in  13 14.  The  fact  that  wine 
yielded  an  inflammable  substance,  was,  however,  already  noted 
by  Aristotle,  but  this  body  was  not  isolated.  Rhases  has  been 
given  credit  for  acquaintance  with  alcohol,  but  this  is  erroneous. 

The  preparation  of  alcohol  by  distilling  wine  is,  however, 
mentioned  in  a  copy  of  the  ^a//^^az'/«</a,  written  in  the  twelfth 
century,  and  in  the  Liber  ignium  of  Marcus  Graecus. 

In  attempting  to  trace  to  their  origin,  Latin  treatises  which 
claim  to  be  translated  from  Arabic,  Berthelot  made  the  impor- 
tant discovery  that  they  are  fraudulent,  the  Arabic  manu- 
scripts having  no  existence.  Thus  the  chemical  works  attri- 
buted to  the  Arabian  physician  Jabir  ibn  Hay y an  (Abu  Musa), 
commonly  called  Geber,  are  shown  to  be  fictitious,  and  the  great 
reverence  paid  to  him  as  a  pioneer  in  chemistry  has  been  mis- 
placed. The  whole  history  of  chemistry  has  been  falsified  by 
giving  credit  to  the  Arabians  for  knowledge  which  reall)' 
belonged  to  a  period  five  hundred  years  later. 

Yet  the  historical  personage  Geber,  who  lived  in  the  ninth 
century,  left  many  treatises  in  Arabic,  now  preserved  in  Paris 
and  Ley  den,  and  the  translation  of  these  occupy  100  pages  of 
the  third  volume ;  they  are  very  different  from  the  works  so 
widely  known  as  Geber's,  which  are  found  in  Latin,  French, 
German,  and  English. 

In  like  manner  the  current  alchemical  treatises  ascribed  to 
Raymond  Lully  are  shown  to  be  fictitious,  yet  his  works  on 
philosophy  in  the  ProveuQal  language  are  extant. 

The  Pseudo- Arabic  works  in  their  Latin  form  contain,  how- 
ever, traces  of  the  ancient  Greek  alchemical  writings,  and  to 
endow  them  with  authority  *  the  writers  referred  the  text  to 
mythical  personages  ;  and  as  these  were  cited  by  later  authors 
who  did  not  doubt  their  genuineness,  the  pseudo-treatises 
acquired  undeserv^ed  renown.  Students  of  alchemy  who  have 
been  revelling  in  the  works  of  Morien,  Kalid,  Zadith,  Mary, 
and  the  collection  of  citations  entitled  Turba  philosophorum,  are 
loth  to  have  their  antique  idols  shattered,  but  this  is  the  fate  of 
every  branch  of  human  knowledge  when  subjected  to  the  mod- 
ern methods  of  searching  analysis. 

The  second  volume  of  "La  chimie  au  moyen  dge'*  has  the 
subtitle  :  Syriac  Alchemy,  comprising  an  introduction,  and 
several  treatises  of  Syriac  and  Arabic  alchemy  from  the  manu- 
scripts in  the  British  Museum  and  Cambridge  ;  text  and  trans- 
lation/* 

The  existence  of  Syriac  alchemical  manuscripts  in  the  British 
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Museum  was  pointed  out  to  Berthelot  by  Prof.  Richard  Gott- 
heil,  of  Columbia  University,  New  York  City.  The  most  im- 
portant of  these,  entitled  **The  Doctrine  of  Democritus,*'  was 
translated  from  Greek  between  the  seventh  and  ninth  centuries. 
It  begins  with  a  charge  of  self-purification,  followed  by  a  key  to 
the  symbols  used  in  the  manuscript ;  these  signs  resemble  in 
part  those  occurring  in  the  writings  of  the  earlier  Greek  alchem- 
ists. The  first  section  of  the  *  *  Doctrine '  *  is  called  *  *  The  Prepa- 
ration of  Gold/'  the  second  is  called  *'Onthe  Philosophers' 
Stone,'*  and  the  succeeding  parts  contain  a  collection  of  recipes, 
processes  with  metals,  as  well  as  with  sulfur,  antimony,  arse- 
nic, and  ores,  analogous  to  the  Leyden  papyrus  and  the  MappcB 
davicula.  Rude  drawings  of  apparatus  accompany  the  text. 
The  writer  shows  acquaintance  with  a  verj'  large  number  of 
chemical  substances. 

The  Library  of  the  University  of  Cambridge  possesses  a 
Syriac  manuscript,  which  is  a  translation  of  portions  of  the 
Greek  writings  of  Zosimus,  Democritus,  and  others.  It  is  simi- 
lar in  character  to  the  preceding. 

Volume  III  of  **  La  chimie  au  moyen  &ge"  has  the  sub-title  : 
"Arabian  Alchemy,  comprising  an  historical  introduction,  the 
treatises  of  Crates,  el-Hab!b,  Ostanes  and  Dj&ber  from 
manuscripts  in  Paris  and  Leyden  ;  text  and  translation." 

The  Arabic  treatises  here  named  are  the  genuine  writings, 
not  the  fictitious  ones  known  only  in  Latin.  The  first  Moham- 
medan writer  on  alchemy  was  Kh&led  ben  Yezid  ibn  Moaouia, 
Prince  Omeyyade,  'who  died  in  708  ;  he  is  a  historic  personage 
and  the  reputed  teacher  of  Dj&ber.  Only  the  titles  of  his  works 
have  come  down  to  us.  Djdber,  the  Geber  of  the  Latins,  was, 
however,  the  great  master  of  the .  art  and  enjoyed  the  highest 
reputation  throughout  the  Middle  Ages  ;  he  is  credited  with 
500  treatises,  an  Oriental  exaggeration.  Six  of  these  are  here 
collected  and  translated.  They  exhibit  evidence  of  Moslem  faith 
on  the  part  of  the  author  ;  he  shows  familiarity  with  the  hydro- 
static balance,  with  many  species  of  minerals  (of  which  an 
ingenious  classification  is  given),  and  he  discourses  on  the 
changes  in  volume  produced  by  heat  and  by  cold  ;  at  the  same 
time  he  admits  using  allegorical  and  obscure  language  in  all  his 
works.  There  is  no  reference  to  the  mineral  acids,  to  nitrate  of 
silver  and  other  chemicals  that  Geber  is  supposed  to  have 
known.  Perhaps  the  most  clever  passage  in  his  works  is  the 
following  from  the  **  Book  of  Mercy  :" — 

"  I  saw  that  persons  engaged  in  attempts  to  manufacture  gold 
and  silver  were  working  ignorantly  and  by  wrong  methods ;  I 
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then  perceived  that  they  were  divided  into  two  categories,  the 
dupers  and  the  duped.     I  had  pity  for  both  of  them." 

Berthelot's  superb  volumes  comprise  more  than  2600  pages, 
and  much  of  the  contents  defies  review.  Besides  these  original 
documents  he  has  published  two  works  dealing  in  more  popular 
style  with  the  periods  of  alchemy  and  Middle  Age  chemistry. 
These  are  entitled  :  '*  Les  Originesde  TAlchimie,"  (1885),  and 
"  Introduction  ^rj^tude  dela  Chimie  des  Anciens  et  duMoyen 
Age'*  (1889) ;  the  latter  is  largely  reprinted  in  the  quarto  vol- 
umes ;  all  are  charmingly  written,  well  illustrated,  and  well 
indexed. 

Berthelot  had  extraordinary  qualifications  for  the  task  and 
enjoyed  unrivalled  opportunities,  and  the  result  is  a  magnificent 
contribution  to  the  history  of  chemistry,  of  utmost  interest  to 
the  chemical  student  as  well  as  to  the  philosopher. 

H.  Carrington  Bolton. 
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THE  EFFECT  OF  ACIDITY  ON  THE  DEVELOPHENTOFTHE 

NITRIFYING  ORQANISilS.' 

By  E.  E.  Ewbll  and  H.  W.  Wiley. 
Received  April  i6, 1896. 

FOR  nearly  two  decades,  both  lay  and  scientific  minds  have 
been  constantly  perturbed  by  frequent  announcements  of 
the  discovery  of  some  new  microbe  that  is  seeking  the  destruc- 
tion of  ourselves  or  of  our  domestic  animals.  We  have  been 
warned  to  be  on  the  alert  for  these  deadly  foes  in  the  food  that 
we  eat,  in  the  water  that  we  drink,  and  in  the  air  that  we 
breathe.  This  general  alarm  has  caused  us  to  overlook  many 
of  the  other  important  discoveries  in  the  world  of  microscopic 
organisms.  Indeed,  the  rapid  development  of  our  knowledge  of 
the  disease-producing  organisms  has  been  accompanied  by  an 
equally  important  advance  in  our  knowledge  of  that  multitude 
of  microbes  that  are  not  only  our  friends,  but  are  necessary  to 
our  existence.  It  is  to  one  group  of  these  more  friendly  organ- 
isms that  we  wish  to  ask  attention.  Passing  over  a  host 
of  species  that  are  of  importance  in  various  agricultural 
industries,  including  those  organisms  that  enable  the  far- 
mer to  draw  upon  the  uncombined  nitrogen  of  the  atmosphere 
for  an  increase  of  his  available  nitrogenous  plant  food,  we  desire 
to  consider  the  group  of  organisms  engaged  in  the  final  stages 
of  the  process  of  transforming  the  nitrogen  of  dead  animal  and 

X  Read  before  the  Washington  Section  of  the  American  Chemical  Society,  April  9, 
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vegetable  matter  into  an  inorganic  form  suitable  for  the  nour- 
ishment of  the  higher  forms  of  plant  life.  It  will  be  remembered 
that  before  the  nitrogen  of  the  fallen  leaf  or  of  a  scrap  of  meat 
can  be  readily  assimilated  by  the  higher  plants,  it  must  under- 
go three  stages  of  preparation  by  as  many  sets  of  organisms: 
first,  the  process  of  *'ammonization,''  in  which  nitrogenous 
organic  matter  is  decomposed,  yielding  as  final  products  water, 
carbon  dioxide  and  ammonia  ;  second,  the  process  of  *'  nitroza- 
tion,"  in  which  the  nitrous  ferments  oxidize  the  ammonia  to 
nitrous  acid ;  third,  the  process  of  *  *  nitration, '  *  in  which  the  nitric 
ferments  oxidize  the  nitrous  to  nitric  acid.  The  organisms  of  the 
first  class,  the  ordinary  putrefactive  ferments,  have  been  known 
since  the  work  of  Schwann  and  Schultze,  reported  in  1839,  and 
have  been  made  familiar  acquaintances  by  the  more  recent  work 
of  Pasteur  and  others.  More  than  thirty  species  of  bacteria  and 
twenty  species  of  molds  and  yeasts  were  isolated  from  the  soil 
and  studied  in  regard  to  their  ammonizing  power  in  1893 
by  ]^mile  Marchale,  a  Belgian  investigator, ,  the  detailed 
results  of  whose  experiments  one  of  us  (Ewell)  has  had  the 
pleasure  of  placing  before  American  readers  in  the  form  of  a 
translation  published  in  Agricultural  Science  about  a  j'ear  ago. 
Although  our  knowledge  of  this  class  of  organisms  has  been 
greatly  enlarged,  their  study  from  the  standpoint  of  the  practi- 
cal agriculturist  is  still  a  very  promising  field  of  investigation. 

The  two  remaining  stages  of  the  process,  in  which  the  ammo- 
nia formed  by  the  putrefactive  ferments  is  changed  to  nitric 
acid,  constitute  the  process  of  nitrification,  a  term  that  is  often 
used  to  include  all  three  of  the  above  transformations.  Until 
very  recently  this  was  generally  supposed  to  be  a  purely  chemi- 
cal phenomenon  and  quite  independent  of  the  action  of  living 
organisms.  Pasteur,  reasoning  from  analogy,  had  expressed 
the  opinion  that  the  process  was  dependent  upon  the  activity  of 
a  living  ferment,  but  it  was  not  until  the  investigations  of 
Schloesing  and  Miintz  in  1877  that  the  dependence  X>i  the  phe- 
nomenon upon  living  organisms  was  given  experimental  proof. 
Warington,  in  England,  at  once  repeated  these  experiments  and 
obtained  results  that  left  no  doubt  as  to  the  nature  of  the  pro- 
cess. 
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The  existence  of  a  nitrifying  ferment  having  thus  been  dem- 
onstrated, the  contest  that  at  once  began  for  the  honor  of  its 
isolation  was  such  a  one  as  has  rarely  been  seen  in  the  scientific 
world.  Warington  and  the  Franklands,  in  England  ;  Heraeus, 
Frank,  Hueppe,  Celli  and  Zucco,  on  the  continent  of  Europe ; 
Jordan  and  Richards,  in  America  ;  all  of  these  were  prominent 
in  this  strife.  As  late  as  1887,  Frank  asserted  that  the  failure 
of  the  numerous  attempts  to  isolate  the  ferment  should  be  inter- 
preted as  evidence  of  its  non-existence.  For  thirteen  years  the 
contest  continued.  The  efforts  of  Warington,  of  the  Frank- 
lands,  and  of  Jordan  and  Richards,  were  just  beginning  to  lead 
to  tangible  results,  when,  in  1890,  a  new  worker  appeared  on 
the  field  in  the  person  of  Winogradsky,  a  Russian,  working  at 
Zurich.  While  many  facts  had  been  learned  and  many  impor- 
tant observations  had  been  made  by  the  previous  investigators, 
it  was  left  for  the  worker  last  named  to  effect  the  first  thor- 
oughly satisfactory  isolations  of  the  nitrifying  bacteria  and  to 
study  them  in  pure  cultures.  These  results  were  made  possible 
by  his  finding  a  solid  culture  medium  upon  which  these  organ- 
isms grow  well.  Hosts  of  species  had  been  isolated  from  the 
soil,  from  the  air,  and  from  natural  waters  by  growth  upon  vari- 
ous solid  media  made  by  use  of  .gelatine  or  agar-agar,  but  none  of 
them  possessed  nitrifying  power.  Hence  it  had  been  concluded 
that  the  nitrifying  ferment  was  unable  to  grow  in  these  media, 
which  were  abandoned  for  the  tedious  dilution  method.  Wino- 
gradsky's  medium  was  composed  of  gelatinous  silica  and  nutrient 
salts.  While  its  preparation  is  somewhat  difficult  and  it  appar- 
ently offers  a  pabulum  for  the  development  of  a  much  greater 
number  of  microbian  species  than  was  at  first  supposed,  never- 
theless, it  is  the  only  medium  available  for  the  satisfactory  isola- 
tion of  the  nitrous  organisms.  It  is  possible  that  this  medium  is 
also  necessary  for  the  isolation  of  some  species  of  the  nitric 
organism,  but  Burri  and  Stutzer*  have  recently  studied  a  nitric 
ferment  that  thrives  on  ordinary  peptone-gelatine.  It  is  quite 
possible  that  these  are  the  first  workers  that  have  ever  given  an 
organism  growing  upon  peptone-gelatine  an  opportunity  to  grow 
in  an  inorganic  solution  containing  nitrites  ;  2.  ^.,  in  such  con- 

^  Centralblatt  f.  Bakterologie  u.  Parasttenkunde,  1895,  i,  731-740. 
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ditions  as  would  determine  its  ability  to  change  nitrites  into 
nitrates.  As  the  demonstration  of  the  inability  of  the  nitrous 
ferment  to  grow  upon  ordinary  peptone-gelatine  preceded  the 
discovery  that  nitrification  is  accomplished  in  two  stages  and 
by  the  action  of  two  distinct  ferments,  it  seems  to  have  been 
taken  for  granted  that  the  nitric  organism  is  also  incapable  of 
growing  upon  the  organic  jelly. 

We  have  treated  the  history  of  this  subject  somewhat  at  length, 
yet  very  briefly  considering  the  extent  of  its  literature.  This  has 
been  done  in  order  that  what  is  to  follow  may  be  better 
understood.  In  the  light  of  the  researches  and  discoveries  just 
outlined,  the  farmer  must  regard  his  fields  as  immense  bacterial 
cultures.  He  must  study  their  needs  as  well  as  the  needs  of  the 
cultures  of  the  higher  plants  whose  conditions  of  growth  he  has 
been  studying  so  long.  In  order  that  he  may  expect  prompt, 
certain  and  remunerative  results  from  the  use  of  fertilizers  con- 
taining organic  nitrogen,  he  must  make  sure  that  his  soil  con- 
tains ammonizing  and  nitrifying  organisms  of  the  highest  grade 
of  activity,  and  must  establish  the  closest  possible  approxima- 
tion to  those  conditions  that  enable  these  organisms  to  render 
the  greatest  service  in  their  respective  roles :  the  conditions 
must  be  such  that  the  process  of  ammonization  proceeds  with 
the  smallest  possible  loss  of  nitrogen  from  the  volatilization  of 
the  ammonia  formed,  or  from  the  formation  of  uncombined 
nitrogen  instead  of  ammonia  ;  on  the  other  hand,  the  conditions 
should  be  as  unfavorable  as  possible  for  the  activity  of  the 
organisms  of  denitrification,  which  reduce  nitrates  with  the 
liberation  of  uncombined  nitrogen. 

Bacteria  are  very  sensitive  to  the  conditions  under  which  they 
are  grown ;  not  only  do  changes  in  these  conditions  alter  the  rate 
and  nature  of  their  growth,  but  they  also  change  the  quantity 
and  quality  of  the  products,  formed  during  this  growth.  The 
principal  conditions  that  have  been  found  to  greatly  influence 
the  growth  of  bacteria,  are  amount  and  .quality  of  food,  supply 
of  moisture,  the  proportion  of  oxygen  in  the  surrounding  atmos- 
phere, temperature,  the  degree  of  acidity  or  alkalinity  of  the 
medium  in  which  they  are  grown,  the  presence  of  substances 
having  a  retarding  or  accelerating  action  upon  their  growth, 
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and  the  presence  of  rival  or  helpful  species.  Outside  of  the 
regions  where  irrigation  is  practiced,  degrees  of  moisture  and 
temperature  are  necessarily  dependent  upon  meteorological  con- 
ditions. In  the  case  of  the  nitrifying  ferments,  increase  of  the 
aeration  of  the  soil  by  thorough  stirring  has  been  shown  to  be 
very  favorable  to  their  highest  activity.  The  most  favorable 
quantity  and  quality  of  the  various  nutritive  substances  and  of 
the  other  materials  forming  the  soil,  as  well  as  the  influence  of 
the  presence  of  other  bacterial  species,  are  still  questions  need- 
ing further  investigation. 

The  proportion  of  alkali  or  acid  in  excess  in  the  soil  and  in 
other  media  for  the  growth  of  bacteria  has  been  shown  to  be  a 
matter  of  the  first  importance.  It  is  so  constant  a  factor  that  it 
deser\'es  consideration  separately  from  the  class  in  which  it 
would  logically  fall,  that  of  the  substances  having  a  retarding  or 
accelerating  action  upon  bacterial  growth.  The  influence  of  the 
reaction  of  the  medium  upon  the  growth  of  bacteria  has  been 
ver>'  prettily  demonstrated  bj-  various  persons  engaged  in  the 
quantitative  determination  of  the  bacteria  in  water.  At  the 
convention  of  bacteriologists,  held  in  New  York  in  June,  1895, 
George  W.  Fuller,  of  the  Lawrence  Experiment  Station  of  the 
Massachusetts  State  Board  of  Health,  presented  a  very  interest- 
ing series  of  results  upon  this  subject.  We  have  taken  the  lib- 
erty to  use  an  abridgement  of  one  of  Mr.  Fuller's  tables  to  illus- 
trate the  importance  of  this  question. 
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The  marked  effect  of  slight  changes  in  the  reaction  of  the 
medium  is  rendered  very  apparent  by  this  table.  The  most 
favorable  reaction  is  one  that  is  slightly  alkaline  to  litmus,  but 
still  requires  ten  to  twenty  cc.  of  normal  alkali  solution  per  liter 
to  make  it  neutral  to  phenolphthalein.  When  the  acidity  is 
either  greater  or  less  than  this  amount,  there  is  a  rapid  falling 
off  in  the  relative  numbers  of  colonies  formed. 

While  it  was  known  for  many  years  before  the  discovery  of 
the  nitrifying  organisms,  that  the  presence  of  some  base  is 
necessary  to  the  activity  of  nitrification,  there  is  very  little 
known  in  regard  to  the  exact  degree  of  variation  that  can  take 
place  in  the  reaction  of  the  materials  undergoing  nitrification 
without  causing  an  interruption  of  the  process.  In  the  cultiva- 
tion of  the  nitrifying  bacteria  in  artificial  media,  it  has  been 
customary  to  add  some  carbonate  that  will  neutralize  the  nitric 
acid  as  fast  as  it  is  formed.  For  this  purpose,  the  carbonates  of 
calcium  and  magnesium  have  been  much  more  used  because 
they  are  without  influence  upon  the  reaction  of  the  medium 
until  acid  has  been  formed  to  decompose  them.  Warington* 
has  made  some  experiments  to  determine  the  proportions  of 
sodium  carbonate  and  bicarbonate  that  can  be  used  for  this  pur- 
pose. He  reports  that  sodium  bicarbonate  can  be  used  in  the 
proportion  of  one  to  four  grams  per  liter,  that  six  grams  per  liter 
retards  the  activity  of  the  ferments,  and  that  eight  grams  per 
liter  stops  it  entirely.  The  use  of  sodium  carbonate  was  not 
attended  with  as  good  results,  since  one  gram  per  Kter  was  found 
sufficient  to  greatly  retard  the  vigor  of  nitrification.  This  is 
practically  all  that  is  recorded  in  regard  to  the  effect  of  acidity 
and  alkalinity  upon  these  organisms,  except  some  statements  in 
regard  to  nitrification  in  peaty  and  other  soils  sufficiently  rich 
in  humus  to  be  acid  in  reaction.  It  has  been  reported  that  some 
soils  of  this  type  contain  no  nitrates  whatever  while  in  place.* 

There  are  several  ways  of  testing  the  effect  of  acidity  upon 
the  nitrifying  bacteria.  The  soil  itself  may  serve  as  a  medium 
without  sterilization,  or  it  may  be  used  after  sterilization,  the 
seedings  being  made  from  pure  cultures  of  the  nitrifying  organ- 
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isms  or  from  mixed  cultures  of  the  soil  bacteria;  artificial 
media  may  be  seeded  from  pure  cultures  of  the  nitrifying  organ- 
isms, from  mixed  cultures  of  th^  soil  organisms,  or  with  a  small 
portion  of  ths  soil  to  be  studied.  Each  of  these  methods  has  its 
advantages  and  uses.  In  any  case,  the  supply  of  ammonia  must 
be  maintained  until  the  process  of  nitrification  is  arrested  by  the 
acidity  of  the  medium.  When  the  soil  is  used  as  a  medium  or 
as  the  inoculating  material,  the  experiment  becomes  a  test  of 
both  soil  and  organisms,  as  the  acid  formed  can  have  no  retard- 
ing action  until  all  of  the  readily  salifiable  base  of  the  soil  has 
been  satisfied.  When  the  mixed  organisms  of  the  soil  are  used 
in  media  Containing  organic  matter,  acid  may  be  produced  by 
other  organisms  besides  the  nitrifying  bacteria. 

As  we  had  some  forty  samples  of  soil  at  our  disposal  during 
the  last  year  for  other  purposes,  it  seemed  wise  to  improve  the 
opportunity  to  test  the  influence  of  acidity  on  the  nitrifying 
organisms  contained  in  soils  from  various  parts  of  the  country. 
The  medium  selected  for  this  purpose  had  the  following  compo- 
sition : 

Ammonium  sulphate 0.943  gram. 

Dipotassium  hydrogen  phosphate i.o         *' 

Magnesium  sulphate 0.5         ** 

Calcium  chloride trace 

Water loco.o  cc. 

One  hundred  cc.  of  this  solution  were  used  for  each  test. 
Before  the  addition  of  the  ammonium  salt,  one  liter  of  this  medium 
requires  two  and  six-tenths  cc.  of  normal  solution  of  sodium 
hydroxide  to  make  it  neutral  to  phenolphthalein.  The  titration 
was  made  without  the  ammonium  salt,  as  the  indicator  is  not 
applicable  in  its  presence.  As  for  every  equivalent  of  nitric  acid 
formed  during  the  nitrification  of  this  solution,  an  equivalent  of 
free  sulphuric  acid  is  liberated;  the  nitrification  of  fourteen  parts 
per  million  of  nitrogen  causes  an  acidity  of  the  medium  equal  to 
two  cc.  of  normal  alkali  per  liter. 

A  summary  of  the  results  of  forty-four  tests  is  given  in  the 
following  table.  Twenty-two  virgin  soils  and  twenty-two  culti- 
vated soils  are  represented,  coming  from  twenty-two  states  and 
territories.     The  tests  were  continued  for  two  months  and  the 
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figures  recorded  indicate  the  maximum  number  of  parts  per 
million  of  nitrogen  nitrified  during  that  time.  In  five  cases  no 
nitrification  occurred  ;  in  four  of  these  cases  no  nitrification 
occurred  in  the  parallel  tests  made  with  the  same  soils  and  with 
the  same  medium  to  which  calcium  carbonate  was  added  to  neu- 
tralize the  acid  formed.  In  all  but  three  of  the  tests  the  final 
product  was  entirelj-  nitrate,  showing  that  the  nitric  ferment 
was  able  to  endure  at  least  as  much  acidity  as  the  nitrous  fer- 
ment. In  the  three  tests  in  which  the  nitrification  was  incom- 
plete, there  was  only  a  small  portion  of  the  nitrite  remaining 
unchanged  to  nitrate. 

Summary  op  Results. 

In    5  cases    o  parts  per  million  of  nitrogen  were  nitrified. 
"     I  case     II     *'        *'         '•         "        *'  "  ** 

"     2  cases  14      *'        "        *'         **        *'  *'  *' 
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Averages : 

Of  44  tests  28  parts  per  million  of  nitrogen  were  nitrified. 

f  f  ^A  I  I  20  '*  "  *'  "  "  '*  *' 

excluding  five  cases  in  which  no  nitrification  occurred  and  five 
cases  in  which  it  was  forty  parts  per  million  or  more. 

Remembering  the  numbers  given  above,  we  notice  that  the 
nitrification  has  stopped  after  the  formation  of  an  acidity  equal 
to  three  to  four  cc.  normal  alkali,  or  when  the  reaction  reaches 
five  and  a  half  to  six  and  a  half  of  Mr.  Euller's  scale.  It  is 
quite  possible  that  this  extreme  sensitiveness  to  acidity  may 
account  for  the  failure  of  attempts  to  grow  these  organisms  upon 
ordinary  peptone  jelly. 

In  the  case  of  the  two  peaty  soils  from  the  muck  lands  of 
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Florida,  the  results  were  twenty  and  twenty-two  parts  of  nitro- 
gen nitrified  per  million,  which  are  very  close  approximations  to 
the  mean  result  oi  all  the  tests.  The  soils  giving  the  excessive 
results  of  130  and  170  parts  per  million  were  from  Alabama,  and 
examination  has*shown  that  they  are  both  very  rich  in  calcium 
carbonate.     This,  of  course,  explains  the  high  results  obtained*. 

We  have  ** stock  cultures'*  of  the  nitrifying  organisms  of  all 
of  these  soils  and  hope  to  be  able  to  report  a  repetition  of  these 
experiments  with  pure  cultures,  thus  eliminating  possible 
sources  of  error  that  may  have  resulted  from  the  presence  of  the 
basic  substances  of  the  soils  used  as  inoculating  material  in  the 
series  just  reported.  It  is  also  desirable  to  determinethe  relative 
effects  of  various  organic  and  inorganic  acids  upon  the  nitrify- 
ing organisms.  This  can  only  be  satisfactorily  accomplished  by 
use  of  pure  cultures.  In  regard  to  the  effect  of  acidity  upon  the 
nitric  ferments,  but  very  little  is  known,  except  that,  as  we  have 
observed  above,  they  are  not  more  sensitive  to  acidity  than  the 
nitrous  ferments.  The  practice  seems  to  have  been  to  add  an 
insoluble  carbonate  to  the  liquid  media  used  for  the  growth  of 
nitric  organisms  also,  but  we  have  found  that  this  is  unneces- 
sar}-.  The  nitric  organisms  from  all  of  the  soils  with  which  we 
have  experimented,  thrive  well  in  a  medium  having  the  compo- 
sition of  the  one  given  above  in  which  sodium  nitrite  takes  the 
place  of  the  ammonium  salt.  There  is,  of  course,  no  increase  in 
the  acidity  of  the  medium  during  the  growth  of  this  ferment,  as 
it  merely  changes  nitrites  to  nitrates. 

The  organisms  coming  from  various  parts  of  the  country  seem 
to  be  very  uniform  in  regard  to  their  ability  to  endure  acidity. 
If  these  results  are  again  obtained  when  the  tests  are  repeated 
with  the  pure  organisms  isolated  from  the  different  soils,  the  in- 
terpretation to  be  given  to  them  is  a  very  important  one  :  these 
results  are  to  be  looked  upon  as  evidence  that  we  are  to  seek 
practical  results  in  the  study  of  the  nitrifying  organisms,  not 
from  a  search  for  a  peculiarly  active  species,  but  from  a  search 
for  those  conditions  that  are  most  favorable  to  the  activity  of 
these  organisms  in  any  given  set  of  soil  and  climatic  conditions. 

These  conclusions  gain  strength  from  the  results  of  the  recent 
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experiments  of  Burri  and  Stutzer,'  in  which  they  found  that  the 
mixed  organism3  from  several  samples  of  soil  from  widely  sepa- 
rated sources  assumed  an  almost  constant  nitrifying  power  after 
a  series  of  cultivations  in  an  artificial  medium.  Whether  their 
results  are  to  be  interpreted  as  an  evidence  of  constant  nitrifying 
power  in  organisms  from  widely  different  soils  when  these  organ- 
isms are  cultivated  in  the  same  medium,  or  whether  they  are  to  be 
regarded  only  as  another  example  of  the  extreme  variability 
that  bacterial  species  have  so  often  been  observed  to  exhibit, 
is  only  to  be  determined  by  extended  experiments.  Of  high 
value  for  the  confirmation  of  these,  or  of  any  other  results 
obtained  by  means  of  artificial  culture  medium,  is  the  re-inocula- 
tion of  several  soils  with  each  of  the  organisms  studied,  noting 
the  results  during  long  periods  of  time.  Both  sterilized  and 
unsterilized  soils  should  be  used  for  this  purpose,  as  well  as 
soils  in  which  the  chemical  and  biological  conditions  have  been 
variously  modified  by  artificial  means. 

We  feel  that  the  contribution  that  we  have  just  made  to  the 
knowledge  of  this  subject  is  almost  lost  in  the  vast  unknown  of 
the  field  that  still  remains  to  be  explored,  but  this  is  offered  as  a 
note  of  the  work  that  has  been  undertaken  by  us  of  attempting 
to  make  a  comparative  study  of  the  microorganisms  important 
to  agriculture  in  typical  soils  from  all  parts  of  the  United  States. 
This  note  is  not  presented  with  any  desire  to  preempt  this  field 
of  study,  for  it  is  broad  enough  to  monopolize  the  time  and  skill 
of  many  workers  for  many  years  to  come. 


STANDARD    PRISHS    IN    WATER    ANALYSIS    AND   THE 
VALUATION  OF  COLOR  IN  POTABLE  WATERS. 

Bv  Albbrt  R.  Leeds. 

Received  April  i6,  1896. 

IN  one  of  the  first  papers  read  before  this  Society  and  contained 
in  its  Proceedings,  Vol.  II,  p.  «,  for  1878,  I  have  given  an 
account  of  an  instrument  and  a  method  for  reading  the  quantities 
of  ammonia  obtained  in  nesslerizing,  the  instrument  being 
termed  a  color  comparator.  It  was  designed  primafily  for  this 
purpose  only,  and  had  its  origin  in  the  irregularities  observable 
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in  the  readings  of  the  very  minute  amounts  of  ammonia  obtained 
in  the  course  of  water  analysis.  It  was  subsequently  found  to 
be  of  great  service  in  giving  more  precision  to  the  measurement 
of  color  in  potable  waters,  and  it  was  used  for  this  purpose  and 
also  for  the  estimation  of  the  percentage  of  carbon  in  pig-irons, 
etc.  The  color  struck  by  o.oi  milligram  of  ammonia  was  taken 
as  the  unit  for  natural  waters. 

The  apparatus  has  been  figured  in  the  catalogues  of  the 
dealers  for  the  past  twenty  years,  and  I  need  not  describe  it 
again  here.  It  avoided  the  sources  of  error  due  to  reading  the 
tubes  under  different  conditions  and  from  the  side,  from  the  top 
and  in  different  manners. 

The  light  was  reflected  from  a  mirror,  placed  at  an  angle  of 
45'',  down  and  through  the  middle  of  the  tubes  standing  on  the 
rack,  and  then  by  a  second  mirror  placed  below,  but  at  right 
angles  to  the  first,  outward  to  the  eye  of  the  obser\'er.  The 
object  was  to  compare  the  colors  obtained  in  riesslerizing  not 
with  any  one  series  of  trial  tubes  prepared  at  the  time  and  which 
migh:  vary  within  wide  limits,  but  with  a  coloring  material  con- 
tained in  a  wedge  in  connection  with  which  the  results  of  many 
readings  could  be  plotted  and  so  preserve  a  permanent  standard 
of  comparison.  This  wedge  was  placed  below  the  aperture, 
next  to  the  tube  under  comparison,  but  in  order  that  the  optical 
image  might  be  similar  in  all  respects,  a  tube  filled  with  dis.- 
tilled  water  was  placed  above  the  wedge  and  the  dark  rings 
made  by  the  light  transmitted  downward  through  the  walls  of 
this  tube,  made  a  part  of  the  image  also. 

All  that  the  eye  then  had  to  do  was  to  determine  whether  the 
depth  of  color  in  two  rectangular  spaces,  as  seen  in  the  lower 
mirror,  each  space  being  twenty-five  mm.  by  ten  mm.  and  sepa- 
rated by  an  interval  of  ten  mm.,  was  or  was  not  equal.  When 
the  rack  is  full,  which  is  the  case  in  two  duplicate  nesslerizings, 
the  whole  of  the  results  are  before  the  eye  of  the  observer  at  one 
and  the  same  time,  and  twelve  blocks  of  color  strung  along  one 
after  another  in  a  horizontal  line,  are  seen  brilliantly  lit  up  on  a 
perfectly  black  ground. 

But  the  difficulty  was  to  obtain  a  suitably  colored  fluid  to  fill 
the  prism.     Naturally  enough  recourse  was  had  in  the  firstplace 
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to  the  chromogenic  metallic  salts  as  being  easiest  to  prepare  of 
a  definite  strength,  and  as  probably  of  the  most  permanent  com- 
position. To  this  end  very  many  trials  were  made  with  mixtures 
of  iron,  chromium,  nickel,  cobalt,  ferrocyanogen,  gold  and 
platinum,  but  all  without  success.  When  a  solution  gave  a 
series  of  tints  which  were  satisfactory  for  the  lower  end  of  the 
scale,  it  was  unsatisfactory  for  the  upper,  and  vice  versa.  Then 
mixtures  of  these  salts  with  admixtures  of  coloring  matters  and 
with  infusions  of  tea,  co£fee,  etc.,  were  tried  and  finally  a  solu- 
tion of  caramel  corrected  by  anilin  red  showed  as  close  a  paral- 
lelism with  the  colors  struck  by  the  nesslerized  ammonia  as  any 
combination  experimented  upon. 

It  was  fully  recognized  at  the  time  that  none  of  these  expe- 
dients fulfilled  the  conditions  of  complete  parallelism  of  tint, 
permanence  and  ease  of  handling,  that  were  desirable,  and  the 
attempt  was  made  to  substitute  for  the  hollow  wedge  one  of  col- 
ored glass.  Mr.  Emil  Greiner  obtained  many  specimens  of 
greenish-yellow,  yellow  and  orange-yellow  glass,  and  lent  his 
skill  in  grinding  them  down  into  suitable  long  thin  prisms.  But 
they  all  failed  at  one  or  the  other  end  of  the  scale,  and  when 
they  were  examined  by  the  spectroscope  and  the  difficulty  was 
found  to  be  due  to  a  selective  absorption  of  the  color  in  the  dif- 
ferent parts  of  the  prism,  the  attempt  to  make  a  satisf acton* 
prism  out  of  one  kind  of  glass  only  was  abandoned.  Then  thin 
sheets  of  dififerentl}'  colored  glasses  were  taken,  with  the  hope 
that  by  combination  and  superposition  the  changes  of  tint 
throughout  the  scale  could  be  imitated.  But  at  this  time  aver}' 
limited  number  of  shades  of  color  in  glass  could  be  obtained. 
At  the  present  day,  with  the  enormous  development  of  the  art 
of  making  and  using  glass  for  decorative  purposes,  the  case  is 
different.  I  am  experimenting  upon  composite  wedges,  made 
up  of  wedges  of  different  colors,  and  the  results  are  promising. 
Certainly  the  obstacles  to  be  overcome  are  not  nearly-  so  great  as 
those  which  have  been  surmounted  in  getting  rid  by  means  of 
over-correction  and  under-correction  of  both  spherical  and  chro- 
matic aberrations  in  a  lens.  Similar  composite  glass  wedges 
could  be  employed  to  estimate  minute  amounts  of  iron  when  a 
color  reaction  with  a  thiocyanate  or  ferrocyanide  is  utilized,  or  for 
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small  quantities  of  copper  or  other   color-giving    substance. 

We  are  only  too  familiar  with  the  sources  of  error  in  the 
Nessler  process,  and  every  chemist  at  the  outset  of  his  work  in 
water  analysis  is  compelled  to  devote  much  time  to  their  study. 
A  very  slight  variation  in  the  mode  of  preparation  makes  a  great 
difference  in  the  sensitiveness  of  the  Nessler  reagent  itself. 
Potassium,  mercury,  chlorine  and  iodine  form  a  large  number  of 
salts,  and  that  their  molecules  are  complex  and  constantly 
changing  is  shown  by  the  gradual  change  of  color  of  the  reagent 
from  its  first  pale  greenish-yellow  color  to  a  light  straw  tint  with 
a  corresponding  gain  m  sensitiveness.  But  even  with  a  reagent 
which  is  duly  sensitive  in  the  lowest  part  of  the  scale,  and  with 
due  care  in  seeing  that  the  liquids  are  brought  to  a  proper  tem- 
perature, and  with  every  minute  precaution  as  to  measurements, 
thorough  admixture,  etc.,  there  still  remains  many  uncontrollable 
irregularities.  It  frequently  is  the  case  that  the  color  struck  by 
o.ooi  milligram  of  ammonia  is  even  greater  than  that  given  by 
0.002  milligram  ;  that  given  by  0.002  about  the  same  as  that 
given  by  0.003,  and  so  on.  On  standing,  the  precipitates 
which  settle  out,  are  not  uniform  in  composition,  red  tetragonal 
crystals,  resembling  mercuric  iodide,  being  oft-times  accom- 
panied by  dark  green  crystals  resembling  the  mercurous  salt. 
By  making  up  a  sufficiently*  large  number  of  trial  sets  at  one 
time,  it  is  possible  to  pick  out  from  them  a  series  in  which  the 
differences  of  tint  corresponding  to  five-tenth  cc.  of  ammonia  are, 
so  far  as  the  e3'e  can  judge,  equal. 

The  same  result  is  obtained  by  plotting  the  results  of  many 
readings  on  a  permanent  scale.  As  ascertained  by  comparison 
with  such  a  scale,  the  sum  totals  of  the  readings  are  more  accu- 
rate than  those  obtained  by  comparison  with  any  one  trial  set 
made  up  of  fluctuating  and  perishable  members.  When  we 
consider  that  there  is  an  increase  both  in  the  delicacy  of  the 
reaction  and  in  the  ability  to  read  the  color  tint  up  to  a  maxi- 
mum, after  which  both  fall  away  again,  it  is  probable  that  the 
most  accurate  method  of  reading  would  be  to  have  a  permanent 
scale,  divided  into  equal  parts,  and  to  use  the  scale  only  for 
so  much  ammonia  as  corresponds  to  the  differences  of  color 
which  the  eye  is  capable  of  estimating  with  certainty. 
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VALUATION   OF   COLOR. 

As  has  been  remarked  above,  it  was  not  till  after  the  color 
comparator  had  been  proposed  as  a  means  of  estimating  the  per- 
centage of  nesslerized  ammonia,  that  the  same  scale  was 
extended  to  the  measurement  of  color  in  waters.  The  article 
in  the  Journal  was  reprinted  with  illustrations  in  the  Zeitschrift 
fur  analyiische  Chemie^  17,  2'/6,  and  in  the  Chemical  News, 'viiht 
issue  of  June  7»  1878.  In  the  issue  of  the  latter  journal  for 
April  14,  1 88 1,  in  their  report  upon  the  London  water  supply, 
Crookes,  Odling  and  Tidy  gave  the  following  account  of  a 
similar  method :  • 

"For  some  time  past  we  have  been  experimenting  on  methods 
of  determining  the  colors  of  water,  and  we  have  this  month 
adopted  a  process  which,  whilst  it  does  not  pretend  to  absolute 
accuracy,  is  a  great  improvement  over  the  arbitrary  *  degrees  of 
tint  depth '  by  which  the  color  of  water  has  hitherto  been  esti- 
mated.    The  process  briefly  is  as  follows  : 

**  Two  hollow  wedges  are  filled,  one  with  a  brown  and  theother 
with  a  blue  solution,'  and  these  are  made  to  slide  across  each 
other  in  front  of  a  circular  aperture  in  a  sheet  of  metal.  In  this 
way  any  desired  combination  of  brown  and  blue  can  be  pro- 
duced. Each  prism  is  graduated  along  its  length  from  one  to 
forty,  the  figures  representing  millimeters  in  thickness  of  the 
solution  at  that  particular  part  of  the  prism. 

*'  On  a  level  just  below  the  prisms  is  a  two-foot  tube  contain- 
ing the  water  under  examination,  and  having  in  front  of  it  a 
circular  aperture  of  the  same  size  as  the  one  in  front  of  the 
prisms. 

"The  stand  supporting  the  prisms  and  tube  is  placed  hori- 
zontally in  front  of  a  uniformly  lighted  window.  The  obsen'er, 
standing  a  little  distance  off,  sees  two  luminous  disks,  the  lower 
one  illuminated  by  light,  which  has  passed  through  two  feet  of 
water,  and  the  upper  one  illuminated  by  light  which  has  passed 
through  the  respective  thicknesses  of  the  brown  and  blue  solu- 
tions. 

1  The  solutions  are  made  in  the  following:  way :  Brown  Solution,  Dissolve  ferric 
chloride  and  cobalt  chloride  in  distilled  water  in  such  proportion  that  one  liter  of  the 
solution  contains  0.7  gram  of  metallic  iron,  and  0.3  gram  of  metallic  cobalt.  A  very 
slight  excess  of  hydrochloric  acid  must  also  be  present.  Blue  Solution.  Dissolve  tea 
grams  of  pure  crystallized  copper  sulphate  in  one  liter  of  distilled  water. 
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**By  sliding  the  prisms  sideways,  one  way  or  the  other,  it  is 
easy  to  imitate  with  considerable  accuracy  the  depth  and  tint  of 
the  color  of  the  lower  disk.  A  metal  pointer  affixed  over  the 
center  of  the  upper  disk  shows  on  the  prism  scales  the  number 
of  millimeters  in  thickness  through  which  the  light  has  passed 
to  produce  a  color  which  corresponds  to  that  of  the  water,  and 
the  results  are  recorded  in  the  following  way :  Brown  :  Blue. 
Thus :  **  February  21,  (New  River),  20  :  21  means  that  on  that 
date  the  color  of  New  River  water  seen  through  a  two-foot  tube 
was  represented  by  twenty  millimeters  of  brown  and  twenty-one 
millimeters  of  blue  solution." 

Subsequently  the  board  of  London  examiners  abandoned  the 
use  of  iron  and  substituted  for  it  one  of  potassium  dichromate. 

Recently  Allen  Hazen,  in  the  March  number  of  this  Journal, 
has  advocated  the  use  of  a  solution  of  platinic  chloride,  this  con- 
stituent being  of  fixed  strength,  together  with  a  solution  of 
cobalt  chloride  to  be  added  in  accordance  with  the  color  sense 
of  the  observer.  Possibly  other  chemists  are  employing  still 
different  solutions,  and  it  is  probably  somewhat  premature  to 
expect  at  the  present  moment  a  concensus  of  opinions  as  to  the 
best  substances  to  be  employed.  In  laying  out  the  methods  to 
be  pursued  in  the  examination  of  the  waters  submitted  to  the 
State  Board  of  Health  of  Massachusetts  (see  their  Report  for 
1890),  T.  M.  Drown  adopted  the  Nessler  ammonia  scale  as 
the  scale  for  color  also.  And  in  the  January  number  of  this 
Journal,  E.  H.  Richards  has  given  at  length  the  reasons  for 
adhering  to  this  scale  and  her  method  of  applying  it  through  an 
intermediate  set  of  colored  natural  waters,  verified  by  fiduciary 
comparisons  of  certain  points  on  the  Nessler  ammonia  series. 

In  order  that  this  renewed  discussion  may  have  the  greater 
practical  value,  I  shall  venture  to  make  the  following  sugges- 
tions : 

I.  That  the  unit  of  depth  in  the  measurement  of  the  color  of 
water  should  be  taken  at  200  mm.  This  depth  was  used  in  the 
comparison  tubes,  which  contain  lOo  cc.  at  the  200  mm.  mark, 
for  the  reason  that  the  same  depth  has  already  been  adopted  in 
the  polariscope.  Moreover,  200  mm.  or  eight  inches,  is  a  depth 
of  water  familiar  in  household   use,  while  two  feet  is  not,  and 
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it  is  a  unit  that  can  be  more  conveniently  applied  to  the  unfil- 
tered  surface  waters  now  in  general  use  in  this  country,  than 
the  two- foot  depth  made  necessary  in  gauging  the  filtered  waters 
supplied  to  London  and  other  European  cities.  With  the  gen- 
eral introduction  of  filtered  waters  in  this  country,  three  times 
200,  or  600,  (which  is  very  nearly  two  feet),  could  be  used  in 
measuring  color  in  water  that  fell  below  0.2''  on  the  scale.  The 
unit  tube  could  be  applied  to  waters  showing  between  0.2**  and 
2^.  In  order  to  preser\'e  identity  of  conditions,  which  is  of  such 
fundamental  importance  in  optical  measurements,  instead  of 
diminishing  the  depth  of  the  more  highly  colored  waters,  those 
between  2^  and  4^  could  be  diluted  with  an  equal  bulk  of  water 
and  read  in  the  unit  depth  of  tube. 

2.  I  would  respectfully  urge  as  a  matter  of  priority  and  inas- 
much as  a  very  great  number  of  measurements  of  color  in  this 
country  are  already  so  recorded,  that  the  unit  therein  adopted 
which  corresponds  to  the  color  struck  by  o.oi  milligram  of  ness- 
nerized  ammonia,  should  be  retained.  It  may  be  said  that  for 
the  reason  already  given  this  unit  is  one  which  cannot  be  pre- 
cisely ascertained.  But  to  compare  lesser  things  with  greater 
the  same  thing  may  be  said  of  the  meter  ;  to  rectify  it  in  the 
manner  originally  intended,  will  prob  bly  never  be  attempted, 
and  yet,  at  the  same  time,  the  meter  is  an  universally  accepted 
and  well  defined  magnitude.  Moreover,  every  time  an  ammo- 
nia determination  is  made,  this  unit  must  be  ascertained  and  the 
readings  for  color  are  usually  done  at  the  same  time  as  those  of 
ammonia.  Whether  a  scale  is  made  with  chromium  or  platinum 
or  any  other  pure  substance,  there  would  be  no  difficulty  in 
determining  the  weight  of  metal  to  be  used  to  give  the  same 
color  as  that  struck  by  o.oi  milligram  of  ammonia,  within  any 
such  limit  of  precision  as  the  eye  is  capable  of  measuring.  Such 
a  scale  divided  from  o  to  i  into  ten  equal  parts  and  then  the 
same  divisions  continued  higher,  could  be  used  in  the  estima- 
tion of  ammonia  also. 

3.  Instead  of  using  this  scale  directly,  there  would  be  great 
gain  in  using  its  equivalent  in  glass.  If  he  desired,  each  chemist 
could  test  the  glass  scale  by  comparison  with  a  fluid  one  made 
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by  himself,  but  in  daily  use  indestructable  and  properly  com- 
pensated glass  wedges  have  many  advantages. 


A  METHOD  FOR  SEPARATING  THE  "INSOLUBLE"  PHOS- 

PHORIC  ACID  IN  niXED  FERTILIZERS  DERIVED 

FRON  BONE  AND  OTHER  ORGANIC  MATTER 

FROM  THAT  DERIVED  FROH  ROCK 

PHOSPHATE. 

By  A>  P.  Bryant. 
Received  April  13,  1896. 

DURING  the  year  1895  the  wholesale  price  of  rough  bone 
was  about  $19.50  per  ton  in  the  New  York  markets. 
Ground  bone  brought  $22.75  per  ton,  and  ground  Charleston 
rock  averaged  $8.12^  per  ton.  After  allowing  for  the  value 
of  the  ammonia,  the  phosphoric  acid  purchased  in  bone  still 
costs  considerable  more  than  the  same  amount  purchased  in 
mineral  phosphates. 

Estimating  3.75  per  cent,  of  nitrogen  in  the  ground  bone, 
wholesale  cost  12.3  cents  per  pound,  there  would  be  $9.23  worth 
of  nitrogen  per  ton.  This  value  would  make  the  phosphoric 
acid  in  a  ton  of  ground  bone  cost  at  wholesale  $13.52,  when  the 
same  amount  approximately  of  phosphoric  acid  in  ground  rock 
costs  about  $8.i2|  per  ton. 

This  cheapness  of  mineral  phosphates  has  led  to  their  very 
general  use  by  fertilizer  manufacturers  instead  of  bone  as  a 
source  of  phosphoric  acid. 

While  the  so-called  Available  Phosphoric  Acid*  of  the  two 
may  be  of  equal  value,  it  seems  wrong  to  classify  the  phosphoric 
acid  of  mixed  fertilizers  insoluble  in  the  ammonium  citrate  solu- 
tion at  the  same  price  in  the  two.  The  Connecticut  State  Sta- 
tion's Report  **  Trade  Value,"  of  the  organic  phosphoric  acid 
is  (average)  five  cents  per  pound,  while  in  the  raw  ground  rock 
it  is  but  two  cents  per  pound. 

It  has  been  urged  that  there  is  no  means  of  telling  whether 
the  '*  insoluble*'  phosphoric  acid  in  mixed  fertilizers  was 
derived  from  minerals,  or  from  bone  and  tankage.     It  was  for 

^Ttaat  portion  soluble  in  a  neutral  solution  of  ammonium  citrate,  sp.  g^r.  1.09, 
digested  at  65*  C.  for  thirty  minutes. 
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this  reason  that  the  experiments  herewith  described  were  under- 
taken. 

The  method  employed  depends  upon  the  difference  in  specific 
gravity  between  bone  and  other  organic  matter  and  the  mineral 
phosphates.  The  following  are  the  specific  gravities  of  some  of 
the  more  important  compounds  found  in  bone  and  in  rock  phos- 
phates : 

Sp.  Cr. 

Bone  and  other  organic  matter,  less  than 2.0 

Gypsum 2.3 

Aluminum  phosphates above  2.3 

Iron  phosphates about  2.6 

Silica 2.65 

Calcium  phosphates 2.9  to  35.5 

Fluorite 3.2 

For  the  separation  of  the  bone  and  organic  matter  from  the 

mineral  matter,  a   solution   of    mercuric  iodide  in  potassium 

iodide  was  employed.     This  solution  was  first  proposed  by  E. 

Sonstadt*  in  1873,  and  elaborated  by  Thoulet*  in  1878.    The 

solution,  as  prepared  by  the  writer,  is  as  follows :    Seventy-five 

grams  of  potassium  iodide  are  dissolved   in  350  cc.  of  warm 

water,  and  100  grams  of  mercuric  iodide  added.      The  solution 

is  filtered  and  evaporated  in  a  porcelain  dish  over  a  water-bath, 

until  a  crystal  of  pure  gypsum,  sp.  gr.  2.3,  comes  to  the  surface. 

The  solutionis  then  diluted  at  15.5**  C.  until  the  gypsum  is  of 

the  same  density  as  the  solution,  scarcely  floating  or  sinking. 

The  solution  is  now  at  specific  gravity  2.3.  and  should  be  diluted 

V(D—iy) 
to  specific  gravity  2.26  according  to  the  formula  1^=:  — jyr^ — 

where  V^  is  the  volume  of  water  to  be  added,  V  the  volume  of 
the  solution,  D  its  specific  gravity  2.3,  and  />'  the  desired 
specific  gravity  2.26.  The  specific  gravity  should  be  verified  by 
use  of  the  picnometer. 

The  separating  solution  should  be  placed  in  a  small  flask  of 
about  100  cc.  capacity,  fitted  up  on  the  same  plan  as  a  wash  bot- 
tle. The  amounts  given  above  will  make  about  100  cc.  of 
solution. 

1  Chem.  News,  99, 127. 

s  Compt.  Rend.,  Feb.  18,  1878. 
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The  tube  for  making  the  separation  ma}*^  be  as  elaborate  as 
desired.  A  very  good  form  is  described  by  S.  L.  Penfield  in 
the  American  Journal  of  Science  for  Dec.  1895.  The  following 
has  given  excellent  satisfaction  in  these  experiments.  A  glass 
tube,  a  broken  burette  for  example,  about  one  and  three-tenths 
cm.  internal  diameter  and  twenty'  cm.  long  is  connected  by 
means  of  a  short  piece  of  rubber  tubing,  with  a  tube  of  similar 
diameter,  closed  at  one  end  and  about  seven  cm.  in  length.  See 
Fig.  I. 

The  material*  to  be  separated  is  placed  in  the  tube  and  fifteen 
or  twenty  cc.  of  the  separating  solution  added, 
after  which  the  tube  is  stoppered  and  shaken  thor- 
oughly. The  sides  of  the  tube  are  now  washed 
down  with  more  of  the  solution ;  after  standing 
for  five  minutes,  the  bottom  part  or  bucket  should 
be  tapped  smartly  to  release  any  light  portions  car- 
ried down  with  the  heavy  material,  and  a  jet  of 
the  solution  blown  against  the  matter  floating  at 
the  top,  to  dislodge  any  heavy  particles.  The  tube 
is  then  let  stand  till  the  solution  is  clear,  all  matter 
having  gone  to  the  top  or  bottom.  This  will  usually 
take  from  forty  minutes  to  an  hour  in  finely  ground 
mixed  fertilizers  or  rock  superphosphates. 

The  rubber  tube  is  now  tightly  clamped  with  a 
screw  pinch-cock,  separating  the  heavy  material 
from  the  light.  A  beaker  is  placed  beneath  the 
tube,  and  the  lower  tube  or  bucket  is  removed, 
the  fingers  being  encased  in  rubber  finger-tips,  as  lM.AAB.i^ 
the  separating  solution  cracks  the  skin.  The  tube 
and  contents  are  brought  on  a  dry  filter  and  the 
liquid  filtered  back  into  the  supply  flask.  Water 
is  then  used,  the  first  washings  being  saved  and 
evaporated  down  to  a  specific  gravity  of  2.26  again. 
The  light  portion  is  treated  in  a  similar  manner, 
care  being  taken  to  get  all  particles  out  of  the  tube 
at  the  last.  Pier- >• 

At  first  it  was  not  supposed  necessary  to  have  any  fixed  spe- 
cific gravity,  but  as  will  be  seen  by  the  following  table,  it  is 
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important  that  the  specific  gravity  should  be  somewhere  about 
2.26.  The  exact  reason  for  this  is  not  in  the  province  of  this 
paper  to  decide,  but  seems  to  be  owing  to  the  low  specific 
gravity  of  the  aluminum  phosphates. 

The  plan  of  the  experiments  carried  on  was  to  take  a  fertilizer 
known  to  contain  nothing  but  organic  matter  as  a  source  of 
phosphoric  acid,  and  a  mixture  of  South  Carolina  and  Florida 
phosphates,  both  the  raw  rock,  and  the  acidulated  product. 
These  were  analyzed  and  then  mixed  in  different  proportions 
and  treated  with  the  separating  solution. 

In  the  first  experiment  two  grams  of  the  mixture  were  treated 
with  100  cc.  of  the  the  neutral  ammonium  citrate  solution  (sp. 
gr.  1.09),  and  digested  for  thirty  minutes  at  65**  C,  shaking 
every  five  minutes.  After  filtering,  the  dried  insoluble  residue 
was  separated  as  carefully  as  possible  from  the  filter  paper  and 
treated  as  previously  described.  As  will  be  seen  by  reference  to 
the  table  following,  this  method,  though  most  desirable,  was 
given  up  owing  to  the  large  proportion  of  phosphoric  acid  left  on 
the  filter  paper. 

The  next  attempt  was  to  treat  the  mixed  fertilizer  directly 
with  the  separating  solution,  and  was  also  abandoned  owing  to 
soluble  matter  in  the  fertilizers  which  destroyed  the  separating 
solution. 

These  two  experiments  showed  two  things  clearly,  that  the 
fertilizer  cannot  be  treated  with  ammonium  citrate  solution 
before  separating,  and  that  the  matter  soluble  in  water  must  be 
removed  before  separating. 

To  obtain  this  latter  end  and  expose  the  minimum  amount  of 
filter  paper,  the  inner  tube  of  a  fat  extraction  apparatus  was 
used,  such  as  was  4escribed  by  Prof.  S.  W.  Johnston.'  These 
tubes  are  used  by  the  Storrs  (Conn.)  Agricultural  Experiment 
Station,  and  are  made  for  them  by  Whitall,  Tatum  &  Co.,  New 
York.  The  tube  is  about  fifteen  cm.  in  length  and  two  and 
five-tenths  cm.  internal  diameter,  slightly  contracted  at  one  end, 
which  has  a  rim  so  that  a  piece  of  filter  paper  reinforced  on  the 
outside  with  cheese  cloth,  can  be  tied  on.  (Fig.  2.)  The  method 
is  as  follows  : 

^  Am.J.  Set'.,  X3, 190,  JS77 
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Two  grams  of  the  raw  or  mixed  fertilizer  are  transr 
ierred  to  the  "extraction  "  tube  and  extracted  with  nearly 
250  cc.  of  hot  water,  as  for  water  soluble  phosphoric 
acid  determination.  The  tube  and  contents  are  placed 
in  a  drying  oven,  and  when  thoroughly  dry  the  filter 
paper  is  taken  off  and  all  matter  carefully  removed  with 
a  spatula  and  brush.  Any  fine  sediment  adhering  to  the 
glass  may  be  removed  by  a  rubber  tipped  glass  rod. 

The  material  is  now  transferred  to  the  separating  tube  Piar.  2. 
and  treated  as  before  described. 

The  light  portion  and  heavy  portion  are  treated  separately 
with  ammonium  citrate  solution,  and  the  insoluble  phosphoric  acid 
determined  in  the  usual  way.  That  in  the  ** light"  comes  from 
bone,  tankage  or  other  organic  matter,  that  in  the  ** heavy" 
from  minerals. 

The  following  is  a  tabular  statement  of  the  results  of  the 
experiments : 

Material.  Total  PaO».  Insoluble  PfO>. 

Prepared  mixed  fertilizers^ 10.75  ^'5^ 

Mixed  Florida  and  Carolina  raw  rock 27 •51  24.36 

Mixed  Florida  and  Carolina  dissolved  rock>  16.23  0.77 

Percentage  op  Phosphorus  Pentoxide  Found  in  the  Heavy  and 
Light  Portions  and  Lept  on  the  Filter  Paper. 


Light  Heavy.  Total. 


e 

"c  S       ^  ^-  s.       ^• 

0.  Moo  d.  o 

!  S        8       §        8  §       £         8         g 

Treated  with  ammonium 
dtrate  before  separating. 

1  Mixture  A  I  2.46  1.28  1.79  12.18  8.33  2.66  13.46  .12.78 

2  Mixture  B  2  2.46  1.28  2.02  0.39  0.43  0.44  1.67  2.89 

3  Mixture  A  i  2.46  1.28  1.83  12.18  8.33  2.66  13.46  12.82 

4  Mixture  A  I   2.35  1.28  1.52  12.18  9.68  2.66  13.46  13.86 

5  Mixture  B  2  2.35    1.28    1.66      0.39      0.49    0.44      1.67      2.59 

Separated  before  treating 
with  ammonium  citrate. 

6  Mixture  B  2  2.22     1.28    0.93      0.39      0.70    trace     1.67      1.63 

7  Mixture  A  i   2.26    1.28    1.38    12.18     11.65    0.12     13.46    13.15 

>  Containing  acidulated  bone,  tankage,  dried  blood,  sodium  nitrate  and  potassium 
sulphate. 


49^  A.    p.    BRYANT. 

■J  Ught,  Heavy.  Total. 

•C  5  ^  ^-  g^  -: 

^  b*  «  «  r*  ■• 

a  ho  u  u  «  u 

K  o  'fl  a  o*  3 

°  2        S      3         8  g      I        I       ? 

O  CL<CO<C9WJ30 

8  Mixture  C  3  2.26    1.28    1.63      6.28      6.03    0.06      7.56      7.72 

9  Mixture  B  2  2.26    1.28    1.18      0.39      0.65    trace    1.67      1.83 

10  Mixture  A  I   2.26  1.28  1.28  12.18  12.03  0.12     13.46  13.43 

11  Mixture  C  3 2.26  1.28  1.35  6.28  6.08  0.06      7.56  7.49 

12  Mixture  B  2  2.26  1.28  i.ii  0.39  0.48  trace     1.67  1.59 

13  Mixture  A  i   2.26  1.28  1.24  12.18  12.07  0.12     13.46  13.43 

14  Mixture  C  3 2.26  1.28  1.15  6.28  6.09  0.06      7.56  7.30 

15  Pre'd  mixed  fertiliz'r  2.26  2.56  2.51  trace    2.56  2.51 

16  Dissolved  rock 2.26  0.77  0.70  trace    0.77  0.70 

1  Mixture  A»  i.o  gram  prepared  mixed  fertilizer. 

'*       "   i.o  gram  raw  Florida  and  Carolina  rock. 

2  Mixture  B,  i.ogram  prepared  mixed  fertilizer. 

"        "1.0  gram  dissolved  Florida  and  Carolina  rock. 

3  Mixture  C,  i.o  gram  prepared  mixed  fertilizer. 

0.5  gram  raw  Florida  and  Carolina  rock. 
0.5  gram  dissolved  Florida  and  Carolina  rock. 

Of  the  above  analyses,  the  first  five  were  tentative,  the  method 
and  manipulation  were  experimental,  and  the  results  were  unsat- 
isfactory. They  show,  however,  that  a  specific  gravity  of  2.46 
or  2.35  is  too  heavy  for  the  proper  workings  of  this  method,  and 
that  when  treated  with  ammonium  citrate  solution  before  sepa- 
ration, at  least  twenty  per  cent,  of  the  phosphoric  acid  is  lost 
through  the  adherence  to  the  filter  paper. 

The  sixth  analysis  shows  that  a  specific  gravity  of  2.22  is  too 
light,  and  matter  which  should  rise  to  the  top  sinks  to  the  bot- 
tom. Nos.  7  to  14  show  that  the  method  as  finally  elaborated, 
is  quantitative  and  apparently  reliable  and  capable  of  being  put 
into  regular  use  as  a  method  of  testing  the  source  of  the  insolu- 
ble phosphoric  acid  in  mixed  fertilizers.  The  attempt  was  made 
to  treat  first  with  ammonium  citrate,  and  filter  through  the  extrac- 
tion tube  above  described,  in  order  to  expose  less  filter  paper, 
but  the  solution  would  not  filter  at  all. 

No.  15  was  a  sample  of  mixed  fertilizer  containing  acidulated 
bone,  tankage,  dried  blood,  sodium  nitrate  and  potassium  sui- 
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phate,  and  {ormed  the  source  of  the  '* light"  phosphoric  acid 
in  the  above  experiments.  When  treated  with  the  separating 
solution  (after  dissolving  out  salts  soluble  in  water)  everything 
rose  to  the  top  with  the  exception  of  a  very  small  amount  of  some 
material,  either  calcium  sulphate  or  silica,  as  there  was  no  trace 
of  phosphoric  acid  in  it.  The  solution  was  perfectly  clear  in  ten 
minutes. 

No.  16  was  the  acidulated  Carolina  and  Florida  rock  used 
in  the  above  experiments.  When  treated  with  the  separating 
solution,  a  small  amount  came  to  the  top.  Therewas,  however, 
no  trace  of  phosphoric  acid  in  this  portion.  It  took  an  hour  for 
the  solution  to  become  clear,  showing  the  presence  of  some  sub- 
stance, probably  calcium  sulphate  and  aluminum  phosphates, 
of  specific  gravity  but  little  higher  than  that  of  the  solution, 
namely,  2.26. 

The  method  of  analysis  were  those  of  the  Association  of  Offi- 
cial Agricultural  Chemists. 

SUMMARY. 

The  following  method  is  proposed  for  separating  the  insolu- 
ble phosphoric  acid  in  mixed  fertilizers  derived  from  bone, 
tankage  or  other  organic  matter,  from  that  derived  from  mineral 
phosphates. 

SOLUTIONS  AND   APPARATUS. 

Separating  Solution  :  Seventy- five  grams  of  potassium  iodide 
and  100  grams  of  mercuric  iodide  are  dissolved  in  350  cc.  water 
and  evaporated  over  a  water-bath  to  a  specific  gravity  of  2.26. 
This  solution  should  be  kept  in  a  small  flask  arranged  like  a 
wash  bottle. 

Other  solutions  necessary  to  determine  available  and  total 
phosphoric  acid. 

Separating  Tube  :  Two  tubes  one  and  three-tenths  cm.  inter- 
nal diameter,  one  seven  cm.  in  length,  closed  at  one  end,  the 
other  twenty  cm.  long.  These  are  connected  by  a  piece  of  stout 
rubber  tubing,  so  that  the  lower  part  or  bucket,  can  be  separated 
by  a  screw  pinch-cock  from  the  upper  portion. 

Extraction    Tube  r  K  tube  two  and  five- tenths  cm.  internal 
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diameter,  slightly  contracted  at  one  end,  which  has  a  rim  over 
which  filter  paper  and  cheese  cloth  can  be  tied. 

Other  apparatus  as  for  available  and  total  phosphoric  acid 
determinations. 

Manipulation  :  Two  grams  of  the  substance  to  be  examined 
are  transferred  to  the  extraction  tube  and  washed  with  from  lOO 
to  225  cc.  of  hot  water,  depending  upon  whether  or  not  water 
soluble  phosphoric  acid  is  to  be  determined.  Dry  thor- 
oughly, remove  substance  carefully,  using  spatula,  brush,  and 
rubber  tipped  glass  rod,  and  transfer  to  a  separating  tube.  Add 
fifteen  to  twenty  cc.  of  the  Separating  solution,  shake  thor- 
oughly and  wash  down  the  sides  of  the  tube  with  a  jet  of  the 
solution.  After  standing  five  minutes  tap  the  lower  part  or 
bucket  smartly  with  the  finger,  to  release  any  light  portion  car- 
ried down  with  the  heavy,  and  stir  up  the  matter  on  top  with  a 
jet  of  solution. 

Let  stand  until  the  solution  ir>  clear,  or  for  one  hour,  damp 
the  rubber  tube,  place  a  beaker  under  the  bucket,  which  is 
carefully  removed,  the  fingers  lieing  encased  in  rubber  finger 
tips.  Filter  the  solution  back  into  the  supply  flask,  wash  thor- 
oughly, saving  the  first  washings  for  evaporation  to  a  specific 
gravity  of  2.26  again,  and  treat  for  insoluble  phosphoric  acid 
in  the  usual  way.  The  light  portion  is  treated  in  a  simi- 
lar manner.  If  desired,  the  heavy  and  light  portions  can  be 
treated  as  for  total  phosphoric  acid,  thus  determining  all 
of  the  phosphoric  acid  derived  from  inorganic  and  organic 
sources  respectively,  except  the  water  soluble. 

MiDDLBTOWN.  CONN. 


50URCES  OF  ERROR  IN  VOLHARD'5  AND  SlillLAR  METH- 
ODS OF  DETERniNINQ  HANOANESE  IN  STEEL.' 

By  Georob  Aucbt. 
Received  April  16, 1896. 

VOLHARD'S  method  of  determining  manganese  is  generally 
considered  a  very  accurate  one  ;  nevertheless,  that  the 

1  In  this  Journal,  18,  406, 1  omitted  to  state  a  precaution  used,  in  the  manner  of 
performing  Drown's  sulphur  method  there  described.  The  solution  from  the  Troilins' 
bulb  is  heated  to  boiling  (preferably  with  the  preyious  addition  ;of  permanganate  solu- 
tion) before  filtering  into  it  the  hydrochloric  acid  solution  from  the  graphitic  restdue. 
This  is  to  oxidize  any  sulphur  that  may  be  present  as  sodium  sulphide. 
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accuracy  of  the  process  is  strictly  dependent  upon  certain  con- 
ditions and  precautions  not  pointed  out  by  the  author,  and  not 
generally  recognized  (so  far  as  the  writer  is  aware)  seems  proved 
by  the  experience  with  the  method  and  with  Stone's  modifica- 
tion of  it,  which  follows  : 

STONE'S  MODIFICATION. 

Mr.  Geo.  C.  Stone  makes  a  very  considerable  saving  in  time 
by  omitting  the  evaporation  with  sulphuric  acid,  and  precipita- 
ting the  iron  immediately  with  zinc  oxid  as  soon  as  solution  of 
the  drillings  in  nitric  acid  is  effected.*  But  in  Volhard's  origi- 
nal article,  as  also  in  Blair's  Chemical  Analysis  of  Iron,  it  is 
directed  to  destroy  the  carbonaceous  matter  by  evaporation  to 
dryness  and  strongly  heating,  or  by  evaporation  with  sulphuric 
acid  till  fumes  of  the  latter  come  off,  and  as  previous  to  the 
appearance  of  Mr.  Stone's  paper  the  writer,  on  testing  this  point 
by  dissolving  in  sulphuric  acid  with  enough  nitric  added  to  oxi- 
dize the  iron  and  help  effect  the  solution  of  the  drillings  and 
omitting  the  evaporation,  had  obtained  results  several  hun- 
dredths higher  (although  Volhard's  objection  to  organic  matter 
is  that  it  hinders  the  balling  together  of  the  manganese  dioxide 
in  titration)  than  those  obtained  from  the  same  samples  by  the 
regular  process,  it  was  judged  that  this  precaution  was  not  a 
useless  one  ;  and  after  reading  Mr.  Stone's  article  it  was  there- 
fore considered  well,  as  a  precaution,  to  test  his  process  also 
in  this  particular,  and  for  that  purpose  the  following  determi- 
nations were  made  : 

Tabi«b  I. 

Volhard's  Stone's 

No.  Carbon.  method.  modification. 

Per  cent.  Per  cent.  Per  cent. 

476  O.5S5  0.46  0.53 

495  0.80  0.57  6.65 

503  0.228  0.423  0.45 

505  0.225  0.49  0.52 

483  0'17  0.43  0.51 

486  0.185  0'54  0-6l 

507  0.315  0.44  0.44 

1  This  Journal,  x8,  a3B.  Mr.  Stone  finds  that  hydrochloric  acid  solution  also  works 
well. 
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The  results  of  Stone's  method  were  very  considerably  higher 
than  those  by  the  regular  method,  except  in  the  case  of  507. 
But  in  the  case  of  507  it  was  noted  that  in  making  the  precipita* 
tion  of  the  iron  by  the  zinc  oxide  a  large  excess  had  been  acci- 
dentally used,  while  in  all  the  other  determinations  the  zinc 
oxide  had  been  added  in  amount  sufficient  to  precipitate  the 
iron  merely ;  and  it  was  therefore  thought  advisable  to  see 
whether  the  considerable  differences  in  the  results  by  the  two 
method's — Volhard's  and  Stone's — ^was  not  due  to  this  fact 
(insufficient  neutralization  in  the  latter)  before  attributing  it  to 
the  organic  matter  undestroyed  in  Stone's  method.  The  above 
determinations  were  therefore  repeated,  using  in  each  .case  not 
only  enough  zinc  oxide  to  coagulate  the  solution  and  precipitate 
the  iron  as  directed,  but  also  enough  in  excess  of  this  amount 
to  turn  the  brownish  red  color  of  the  iron  precipitate  to  a  light 
brown.     The  results  follow  : 


Table  II. 

Carbon. 

Volhard. 

Stone. 

zinc  oxide  to 

coagulation. 

stone. 

Zinc  oxide  in 

larsre  excess. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

0.228 

0.423 

0.45 

0.45 

0.225 

0.49 

0.52 

0.51 

0.17 

0.43 

0.51 

0.45 

0.17 

0.43 

0.51 

0.45 

0.185 

0.55 

0.61 

0.58 

0.185 

0.54 

0.61 

0.58 

0.585 

0.46 

0.53 

0.47 

0.80 

0.57 

0.65 

0.60 

0.105 

0.38 

■  ■  ■  • 

0.40 

O.IO 

0.35 

■  •  •  • 

0.36 

0.57 

0.46 

•  •  •  • 

0.47 

0.315 

0.435 

•  •  •  • 

0.44 

0.50 

0.64 

•  •  •  • 

0.70 

0.50 

0.64 

a  •  •  • 

0.67 

0.50 

0.64 

•  •  •  • 

0.69 

0.40 

0.56 

•  «  •  • 

0.56 

No. 

503 

505 

483 

483 
486 

486 

476 

495 

471 
480 

493 
507 
153 
153 
.  153 
155 

These  results  show  that  when  the  zinc  oxide  is  added  merely 
to  coagulation  and  precipitation  of  the  iron,  leaving  the  solution 
probably  faintly  acid,  the  manganese  is  afterward  precipitated,  not 
according  to  the  theoretical  formula,  but  with  result  too  high ; 
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and  that  to  insure  the  correct  precipifation  of  the  manganese  it 
is  necessary  to  add  the  zinc  oxide  in  large  excess,  so  that  the 
solution  is  thoroughly  neutralized  when  titrated. 

It  will,  however,  be  noted  that  with  this  precaution,  observed 
results  in  the  table  are  nevertheless  a  few  hundredths  per  cent, 
higher  than  by  Volhard's  method.*  Is  this  difference  due  to 
the  undestroyed  carbonaceous  matter  ?  It  was  thought  probable, 
but  to  make  sure,  some  of  the  tests  were  repeated  with  oxida- 
tion of  the  carbonaceous  matter  by  addition  of  lead  dioxide  to 
the  boiling  nitric  acid  solution  of  the  drillings  (the  excess 
destroyed  by  ferrous  sulphate  and  the  excess  of  the  latter  oxi- 
dized by  continued  boiling  of  the  nitric  acid  solution).*  These 
results  should  be  lower  if  carbonaceous  matter  has  any  influence. 
They  were  not  lower,  as  the  following  table  shows,  and  hence  it 
is  indicated  that  carbonaceous  matter  does  not  interfere.  It  is 
true  that  in  one  case  (483)  the  result  obtained  by  oxidation  of 
the  carbonaceous  matter  is  lower,  but  the  reason  for  this  will 
appear  later  on. 


No. 

480 
507 
155 
155 
155 
155 

J53 
4«3 

Since  the  slightly  high  results  obtained  by  Stone's  method,  in 
Table  II., are  not  due  to  the  undestroyed  carbonaceous  matter, 
they  must  be  due  to  the  fact  of  titration  in  nitric  acid  solution. 
The  following  determinations  of  manganese  in  solutions  con- 
taining no  organic  matter,  and  in  which  the  amount  of  mangan- 

1  It  was  later  seen  that  the  accuracy  of  the  regrular  Volhard  process  was  also  depen- 
dent upon  certain  conditions  ;  and  the  results  by  this  method,  given  in  these  two  tables, 
are  the  corrected  results  obtained  later  by  checking  with  the  color  method  according  to 
Table  VI.  So  that  in  Tables  I.  and  II.  the  comparison  is  really  with  the  color  method 
rsther  than  with  Volhard's  method.  As  explained  under  Table  VI.,  there  was  not 
ooagh  left  of  the  samples  for  gravimetric  tests.  For  a  comparison  of  Stone's  method 
with  the  gravimetric  see  Table  XI. 

*The  lead  dioxide  and  the  ferrous  sulphate  used  were  tested  for  manganese. 


Tablb  III. 

Carbon. 

Stone. 

With  carbon  not 

oxidised. 

Stone. 

With  carbon 

oxidised. 

Per  cent. 

Per  cent. 

Per  cent. 

O.IO 

0.36 

0.37 

0.315 

0.44 

0.44 

0.40 

0.56 

0-55 

0.40 

0.56 

0.57 

0.40 

0.56 

0.56 

0.40 

0.56 

0.56 

0.50 

0.70 

0.68 

0.17 

0.45 

0.41 
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ese  was  known  (made  by  taking  definite  amounts  of  standard 
permanganate  solution)  are  confirmatory  of  this  conclusion : 

Table  IV. 


fo. 

Manffanese 
Uken. 

Manganese 
found. 

No. 

Manganese 
taken. 

Manganese 
found. 

Per  cent 

Per  cent 

Per  cent. 

Percent 

I 

0.40 

0.41 

8 

0.40 

0.42 

2 

0.40 

0.41 

9 

0,80 

0.81 

3 

0.40 

0.41 

10 

0.80 

0.82 

4 

0.40 

0.41 

II 

1.20 

1.24 

5 

0^0 

0.41 

II 

1.20 

Z.22 

6 

0.40 

0.41 

13 

0.80 

0.81 

7 

0.40 

0.42 

14 

1.20 

1.22 

Here,  then,  is  a  second  precaution  to  be  observed  in  Stone's 
method :  a  correction  of  the  result  by  one  or  two  hundredths 
per  cent,  must  in  each  case  be  made.  But  still  other  precaa- 
tions  are  necessary,  as  will  appear. 

volhard's  method. 

The  fact  brought  out  by  working  upon  Stone's  method, 
that  titration  in  faintly  acid  (nitric)  solution  gives  too  high 
results  led  to  the  suspicion  that  the  same  was  also  true  of  Vol- 
hard's  regular  method  (sulphuric  acid  solution).  The  follow- 
ing tests  were  made  : 


No. 
490 

490 
490 
490 
476 

483 
503 

289 
289 

493 

505 

155 

155 
289 

153 


Table  V. 

Volhard. 

zinc  oxide  added 

to  coagulation. 

Volhard. 
Zinc  oxide  in 
Urge  excess. 

0.49 

0.39 

0.49 

0.39 

0.49 

0.39 

0.49 

0.49 

0.51 

0.46 

0.49 

044 

0.45 

0.41 

0.45 

0.41 

0.41 

0.38 

0.42 

0.40 

0.42 

0.40 

0.51 

0.44 

0.50 

0.46 

0.58 

0.49 

0.58 

0.56 

0.4a 

0.41 

0.66 

0.64 
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Results  of  the  first  column  were  obtained  by  adding  zinc 
oxide  till  the  solution  stiffened  and  the  iron  all  precipitated.  In 
the  second  column  of  determinations  the  zinc  oxide  was  added 
in  sufficient  excess  of  this  amount  to  make  the  color  of  the  pre- 
cipitated iron  a  light  brown.  The  differences  in  the  results 
were  supposed  to  be  due  to  this  fact  already  noted  in  considering 
Stone's  method — ^that  titration  in  slightly  acid  solutions  gives 
too  high  results.  But  a  suspicion  arose  that  these  differences 
might,  in  part  at  least,  be  due  to  manganese  being  mechanically 
carried  down  with  the  iron  when  the  large  excess  of  zinc  oxide 
was  used.  The  obvious  test  of  this  would  have  been  to  make 
gravimetric  determinations  in  the  samples  used  in  the  last 
table.  But,  unfortunately,  there  remained  but  very  little  drill- 
ings of  each  of  the  samples.  So  the  next  best  thing  was  done, 
and  a  standard  manganese  sample  was  prepared,  and  the  deter- 
minations of  these  samples  of  the  last  table  made  by  the  color 
method :  in  each  case  making  a  number  of  tests  and  taking  the 
average .     Results  : 

Table  VI. 


No. 

Volhard. 
Zinc  oxide  to 
coagulation. 

Volhard. 
Zinc  oxide  in 
large  excess. 

Color 
method. 

490 

0.49 

0.39 

0.48 

507 

0.49 

0.44 

0.435 

483 

0.45 

0.41 

0.43 

503 

0.45 

0.41 

0.423 

471 

0.41 

0.38 

0.38 

289 

0.42 

0.40 

0.40 

492 

0.51 

0.44 

0.46 

503 

0.50 

0.46 

0.49 

155 

0.58 

0.49 

0.56 

Showing  that  when  the  neutralization  with  zinc  oxide  is  car- 
ried only  to  the  point  of  precipitating  the  iron  the  result  will 
invariably  be  from  o.oi  per  cent,  to  0.05  per  cent,  too  high  ; 
while  on  the  other  hand,  if  the  zinc  oxide  be  added  in  excess  of 
this  amount,  the  result  may  be  too  low,  and  very  much  too  low 
from  the  precipitation  of  manganese  with  the  iron.  These 
points  would  have  been  more  certainly  and  satisfactorily  proved, 
however,  had  the  comparison  of  the  Volhard  results  been  made 
directly  with  results  by  the  gravimetric  process  instead  of  by  the 
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color  test.  In  the  following  table  such  comparisons  with  the 
gravimetric  method — in  a  new  lot  of  steels — are  made,  and  con- 
firm the  conclusions  drawn  from  the  preceding  table.  In  the 
second  column  of  tests,  the  neutralization  was  performed  in  a 
way  not  to  precipitate  the  manganese.  In  the  third  column  of 
tests,  neutralization  was  purpQsely  performed  in  a  way  most 
favorable  to  the  precipitation  of  manganese  with  the  iron. 

Table  VII. 


No. 

Zinc  oxide  to 

coagulation. 

Per  cent. 

Excess  of 
xinc  oxide. 
The  excess 
added  after 
filtration  of 
ferric  oxide. 

Per  cent. 

Excess  of 

zinc  oxide. 

Added 

suddenly 

to  the  iron 
solution. 

Per  cent. 

Gravimetric                 Color 
method.                   method. 
Per  cenL               Per  cent 

451 

0.56 

0.51 

0.51 

0.53  (acetate) 

0.53 

452 

0.46 

0.44 

0.44 

0.43       " 

0.43s 

453 

0.46 

0.46 

0.37 

•  ■  •  • 

0.425 

454 

0.47 

0.47 

0.44 

0.46  (Ford) 

0.45 

493 

0.51 

0.46 

0.44 

• . . . 

0.46 

456 

0.45 

0.41 

•  ■  •  • 

0.41  (Ford) 

0.43 

466. 

0.54 

0.49 

•  •  •  • 

0.485     '* 

0.49 

481 

0.48 

0.45 

• .  •  • 

0.455     " 

0.46 

153 

0.66 

(1.64 

•  • .  ■ 

•  a   •  • 

0.64 

000 

1.30 

•  •  ■  • 

•  •  •  • 

1.25* 

•  •  .  ■ 

Insufficient  neutralization  gives  high  results.  Complete  neu- 
tralization suddenly,  gives  low  results.  Here  then  is  the  expla- 
nation for  the  low  result  of  Table  III  (483)  ;  the  ferric  oxide 
precipitate  had  carried  down  some  of  the  manganese. 

The  remedy  is  obvious.  It  is  to  carefully  avoid  an  excess  of 
zinc  oxide  at  the  time  of  precipitating  the  iron ;  adding  the 
necessary  excess  to  the  aliquot  part  of  the  filtrate  from  the  fer- 
ric oxide,  taken  for  titration — filtering  off  the  undissolved  zinc 
oxide  before  titrating.  But  this  procedure  involves  considera- 
ble extra  work.  And  it  does  not  seem  necessary,  if  certain 
precautions  be  taken,  to  filter  off  the  ferric  oxide  before  adding 
the  excess  of  zinc  oxide.  For  it  is  reasonable  to  suppose  that  it 
is  the  sudden  addition  of  the  zinc  oxide  in  excess  to  the  rather 
concentrated  solution  that  carries  down  the  manganese.  If  the 
iron  be  first  precipitated  carefully  by  the  gradual  addition  of 
zinc  oxide,  avoiding  an  excess,  we  have  seen  that  no  manga- 

1  Made  by  Williams,  of  Boston. 
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nese  is  carried  down.  If  now,  the  solution-  be  diluted,  mixed, 
and  the  ferric  oxide  be  allowed  time  to  begin  to  settle,  there 
seems  no  reason  why  the  further  addition  of  an  excess  of  zinc 
oxide  should  then  precipitate  manganese.  That  it  does  not  is 
evidenced  by  the  preceding  table,  second  column  of  results,  last 
four  results,  which  wefe  obtained  in  this  way.  Also  all  of  the 
determinations  by  Stone's  modification  in  Table  XI. 

In  the  determination  of  the  results  of  the  third  column  of 
results  in  the  preceding  table,  pains  were  taken  to  add  the 
excess  of  zinc  oxide  as  suddenly  as  possible  ;  nevertheless,  only 
three  out  of  the  five  results  are  low,  showing  (as  also  do  the 
results  of  Table  VI.)  that  manganese  is  not  invariably  carried 
down  by  such  a  procedure.  In  Stone's  modification  the  ten- 
dency to  a  precipitation  of  manganese  with  the  iron  seems  less  ; 
for  of  the  numerous  results  by  that  method  (obtained  before  the 
necessity  of  any  precaution  in  precipitating  the  ferric  oxide  was 
known)  only  one  is  low.  But  in  both  methods  the  neglect  of 
the  precaution  to  thoroughly  neutralize  with  zinc  oxide  almost 
invariably  gives  results  more  or  less  above  the  truth. 

Taught  suspicion  by  the  experience  thus  far  had,  it  was 
resolved  to  test  every  step  in  the  method ;  and  the  following 
determinations  were  made  to  see  if  the  temperature  of  the  liquid 
at  the  time  of  neutralization  with  zinc  oxide  had  any  influence 
upon  the  result : 

Table  VIII. 


>lution  hrated  to  boUingr  with  the  zinc  oxide. 

Zinc  oxide  to  cold  solution. 

No. 

Manganese 
taken. 

Manganese 
found. 

No. 

Manganese 
taken. 

^ 

Manganese 
found. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

I 

0.40 

0.49 

I 

0.40 

0.40 

2 

0.40 

0.44 

2 

0.40 

0.40 

3 

0.40 

0.43 

3 

0.40 

0.40 

4 

0.40 

0.47 

4 

0.40 

0.40 

5 

0.40 

0.42 

5 

0.40 

0.40 

6 

0.40 

0.41 

6 

0.40 

q.39 

Solution  merely  warm. 

7 

0.40 

a4o 

I 

1.20 

1.22 

8 

0.40 

0.41 

2 

0.80 

0.83 

9 

0.40 

0.40 

10 

0.80 

0.80 

II 

1.20 

1.20 
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These  results  show  that  neutralization  must  be  performed  in 
the  cold.  The  writer  had  always  practiced  this  precaution, 
though  for  no  well  defined  reason. 

The  second  series  of  results  in  the  table  also  show  that  there 
is  no  tendency  to  slightly  high  results,  as  is  the  case  when  titra- 
tion is  done  in  nitric  acid  solution  (Stone's  method). 

Volhard,  in  his  article,  states  that  the  precipitated  manga- 
nese dioxide  is  mixed  with  protoxide  unless  some  metallic  base 
like  zinc  oxide,  lime,  magnesia,  etc.,  be  present;  and,  there- 
fore, in  the  following  experiments  on  this  point  it  was  expected 
that  the  results  would  be  poor,  since  the  amount  of  zinc  oxide 
present  was  purposely  kept  as  low  as  possible  by  making  the 
neutralization  first  with  sodium  carbonate,  and  then  cautiously 
adding  sulphuric  acid  till  slightly  acid,  the  slight  excess  of  acid 
being  then  neutralized  with  zinc  oxide. 

Tabi«b  IX. 

No.  Taken.  Pound.  No.  Taken.  Ponnd. 

Percent.  Percent.  Percent.  Percent. 

1  0.40  0.41  -4  0.40  0.41 

2  0.40  0.42  5  0.40  0.42 

3  0.40  0.40 

These  results  seem  to  show  that  this  is  not  a  very  important 
source  of  error.  In  Sarnstrom's  method  the  point  is  entirely 
disregarded. 

Five  determinations  made  with  five  cc.  free  sulphuric  acid 
(two  to  one)  at  time  of  neutralization  with  zinc  oxide  give, 
instead  of  the  theoretical  0.40  per  cent,  taken,  respectively  0.40 
per  cent.,  0.42  per  cent.,  0.41  per  cent.,  0.41  per  cent.,  0.41  per 
cent. 

With  six  cc.  free  acid,  0.40  per  cent.,  0.41  per  cent. 

With  eight  cc.  free  acid,  the  results  of  Table  VIII. 

SARNSTROM'S    METHOD. 

Messrs.  Mixer  and  DuBois  recommend  this  method  for  iron 
ores,'  and  give  results  showing  its  accuracy.  In  this  method 
zinc  oxide  is  not  used,   the  neutralization  (hydrochloric  acid 

I  This  Journal,  x8, 385. 
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solution)  being  effected  entirely  by  sodium  carbonate,  with  care 
not  to  add  it  in  greater  amount  than  necessary  to  precipitate  the 
iron,  and  the  subsequent  titration  is  done  without  filtering  off 
the  ferric  oxide  thus  precipitated.  This  manner  of  neutraliza- 
tion leaves  the  solution  not  thoroughly  neutralized,  and  from 
the  foregoing  results  of  this  article  we  should  expect  high 
results  from  Sarnstrom's  method.  The  results  given  by  Messrs. 
Mixer  and  DuBois  are,  however,  excellent  results;  and  this 
indicates  either  that  neutralization  with  sodium  carbonate  in 
hot  hydrochloric  acid  solution  is  not  attended  with  the  same 
phenomena  as  neutralization  with  zinc  oxide  in  nitric  and  sul- 
phuric solutions,  or  that  in  the  former  process  there  is  a  greater 
tendency  of  the  manganese  to  precipitate  with  the  iron,  and 
that  the  error  from  this  source  counterbalances  the  error  from 
titrating  in  faintly  acid  and  hot  solution.  But  the  uniform 
excellence  of  the  results  given  by  Messrs.  Mi^er  and  DuBois 
points  to  the  former  as  the  more  likely  supposition.  The 
method  was  briefly  tested  by  taking  standard  manganese  solu- 
tion. Instead  of  0.40  per  cent,  manganese  taken  in  one  case, 
0.44  per  cent.,  and  in  another  0.38  per  cent,  was  obtained.  But 
the  test  was  not  a  fair  one  as  there  was  no  iron  present  to  give 
the  exact  point  of  neutralization  as  obtained  in  the  regular 
working  of  this  method.  Ferric  chloride  should  have  been 
added,  but  none  was  at  hand,  and  the  writer  postponed  further 
examination  of  the  method  for  the  reason  that  (as  explained  by 
Messrs.  Mixer  and  DuBois)  it  is  not  well  adapted  to  the  analy- 
sis of  steel . 

COLOR  METHOD. 

The  color  method  has  no  kinship  to  Volhard's,  and  its  con- 
sideration is  therefore  hardly  relevant  here.  But,  nevertheless, 
as  it  was  found  necessary  in  the  course  of  this  work  to  make 
determinations  by  this  method  for  comparison  with  others 
obtained  by  Volhard's  method  in  samples  almost  used  up,  it 
might  perhaps  be  just  as  well  to  give  these  color  results  in 
detail,  as  showing  the  limits  of  error  in  the  process  when  per- 
formed by  one  not  an  expert  in  its  use. 
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No. 


First 
reading. 
Per  cent. 
1^0.40 

2891  0-395 
I040 

fo.63 

15310-61 
1 0.639 

f  0.552 
0.564 
0.572 

0.543 

ro.43 
0.426 

0.42 

0.42 

0.495 
0.40 

0.485 
.0.495 

483  Z"*-^ 
'*'*^  \  0.425 

486{°-53 


503 


503 


505 


0.54 
0.38 

0.39 


481 


471  { 

(  0.438 

493  i  0.47 
(0.468 

507 1  ""-^^ 
^^  \  0.43 

466{°-488 
"*""  \  0.497 
0.49 
0.50 

0.455 
0.47 

0.446 
0.476 

^53  \  0.416 

0.449 
0.427 

456 -{  0.417 
0.416 

0.417 

0.545 

0.53 

0.54 

451  -{ 0.52- 

0.52 

0.537 

L  0.535 


Table  X. 

Second  reading  at  a 

higher  dilution. 

Per  cent. 


O 
O 


0.40    \ 
0.39    >-0.40 

•  •  •  •    I 

V0.64 


0.56 


0.423 


0.49 


4 

}o.43 


0.64 

•  ■ « • 
0.65 

0.547] 
0.560  1 

0.586 
0.55s  J 

a  •  •  • 

0.416 

0.425 

0.42 

0.40 

0.48 

0.485 

0.495 

0.425 
0.425 

".-.'J.  }o.38 

0.445) 

0.466  |'0.46 
0.47   i 

•  •  •  •       I 

0.44   }^-^35 

0.498  [^-^9 

0.475 

0.49 

0.454 

0.46 
0.446 

0.47 

0.426 

0.425 

0.446 


Volhard  or  gravi- 
metric method. 
Per  cent. 

0.40    Volhard. 


0.64    Volhard. 


0.469 


}  0.425 


■0.43 


0.42 
0.428 
0.414  J 
0.56 

0.53 
0.54 

0.52    !-o.53 
0.525 
0.545 
0.531  J 


0.56    Stone. 


0.41    Volhard. 


0.49    Stone. 


0.38    Stone. 


0.46    Volhard. 

0.42    Stone. 
0.485  Gravimetric. 

0.455  Gravitnetric. 

0.425    Stone. 
0.41     Gravimetric. 


0.52    Gravimetrtc. 
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The  results  in  the  table  by  Volhard*s  and  by  Stone's  method 
were  obtained  by  an  observance  of  precautions  given — correc- 
tion of  0.02  per  cent,  in  results  by  the  latter  method^  thorough 
neutralization  by  zinc  oxide,  etc. 

It  will  be  seen  that  color  method  results  are  quite  accurate  if 
a  number  of  color  comparisons  be  made  and  the  average  taken. 
But  if  only  one  test  be  made  the  variation  may  occasionally  be 
0.02  to  0.03  per  cent.  But  in  these  determinations  the  boiling 
was  all  done  over  the  naked  flame.  Closer  results  can  perhaps 
be  had  by  using  the  calcium  chloride  bath  for  this  purpose,  as 
directed  in  Blair's  Chemical  Analysis  of  Iron. 

REG  APITUL  ATION . 

The  sources  of  error,  then,  in  Volhard's  process,  as  indicated 
by  the  foregoing  experiments,  are  : 

1.  The  incomplete  neutralization  by  zinc  oxide,  giving  usually 
high  results. 

2.  The  too  sudden  addition  of  the  necessary  excess  of  zinc 
oxide,  giving  frequently  low  results. 

3.  The  titration  in  nitric  acid  solution  giving  results  o.oi  or 
0.02  per  cent,  too  high. 

4.  Neutralization  by  zinc  oxide  in  hot  solution,  giving  high 
results. 

With  regard  to  the  first  of  these  sources  of  error  it  may  be 
remarked  that  Volhard  recommends  slightly  acidifying  with 
nitric  acid  before  titration — to  oxidize  organic  matter.  But 
whatever  organic  matter  may  be  present  capable  of  being  ox- 
idized by  nitric  acid  has  already  been  oxidized,  and  the  or- 
ganic matter  and  proto  salts  present  in  the  sodium  carbonate 
and  zinc  oxide  used  for  neutralization  is  best  determined  by  a 
blank  or  dummy  test,  or  better  by  performing  the  process  with 
a  convenient  measured  amount  of  standard  permanganate  de- 
composed by  hydrochloric  acid.  Besides  the  error  from  titra- 
ting in  faintly  acid  solution,  a  further  objection  to  acidifying 
with  nitric  acid  is  that  the  manganese  dioxide  precipitated  by 
titration  collects  as  a  film  on  the  glass  and  obscures  the  end 
reaction. 

Stone's  modification  is  much  easier  and  quicker  than  the  regu- 
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lar  Volhard  method ;  not  only  because  the  evaporation  to  dry- 
ness with  sulphuric  acid  is  dispensed  with,  but  also,  as  Mr. 
Stone  points  out,  because  in  nitric  acid  solution  the  precipitated 
ferric  oxide  settles  so  readily  and  completely  that  the  filtration 
from  it  may  be  omitted,  the  clear  liquid  being  decanted  from  the 
precipitate.  In  sulphuric  acid  solution  the  precipitated  ferric 
oxide  does  not  settle  readily  enough  for  this,  and  thus  consider- 
able time  is  taken  up  in  making  folded  filters,  and  the  filter 
paper  used  adds  appreciably  to  the  expense  of  the  method. 

Mr.  Stone  performs  the  neutralization  entirely  with  commer- 
cial zinc  oxide,  and  this  is  doubtless  the  reason  that  his  results 
have  always  been  satisfactory,  and  he  has  noticed  no  necessity 
for  the  precaution  of  thorough  neutralization  ;  for  in  neutraliz- 
ing altogether  with  zinc  oxide,  in  the  hurry  of  every  day  work 
one  would  naturally  get  a  large  or  a  considerable  excess  of  it 
used,  even  if  not  recognizing  the  necessity  for  such  an  excess. 
And  as  to  the  precipitation  of  manganese  with  the  iron,  the 
work  in  this  article  would  seem  to  show  that  to  be  an  excep- 
tional occurrence  with  nitric  acid  solution,  although  of  frequent 
occurrence  in  sulphuric  acid  solution  if  caution  be  not  used  in 
the  neutralization.  But  as  regards  neutralization,  the  writer 
considers  it  more  advantageous  to  use  spdium  carbonate,  or 
common  sal  soda  first,  finishing  up  with  zinc  oxide  emulsion, 
for  sal  soda  is  much  cheaper  than  commercial  zinc  oxide.  But, 
as  before  mentioned,  the  manganese,  organic  matter,  and  proto 
salts  in  these  reagents,  if  any  be  present,  must  be  allowed  for. 

Mr.  Stone  takes  loo  cc.  for  titration.  But  250  cc.  is  perhaps 
preferable  on  the  score  of  greater  accuracy.  The  writer  finds  it 
convenient  to  use  permanganate  of  strength  exactly  0.0056,  tak- 
ing always  three  and  three-tenths  grams  of  the  drillings  for 
analysis.  The  reading  of  the  scale  on  the  burette  then  at  once 
gives  the  percentages  of  manganese  without  calculation,  except 
a  division  by  ten. 

For  the  convenience  of  those  unfamiliar  with  the  process 
details  briefly  follow,  with  the  precautions  found  to  be  necessary 
in  this  article  printed  in  italics.  Three  and  three-tenths  grams 
of  drillings.     Dissolve  in  fifty  cc.  nitric  acid,  sp.  gr.  1.20.     Wash 
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into  a  500  cc.  measuring  flask.  Add  about  two-thirds  of  the 
amount  of  sal  soda  solution  necessary  to  a  complete  neutraliza- 
tion. If  not  cold,  cool.  Add  zinc  oxide  emulsion  till  solution  stif- 
fens, avoiding  an  excess.  Dilute  to  about  three-fourths  of  the 
capacity  of  the  flask,  mix  and  let  stand  till  the  ferric  oxide 
begins  to  settle.  See  that  the  solution  is  colorless.  Add  considera- 
ble excess  of  zinc  oxide  emulsion.  Mix.  Dilute  to  mark.  Insert 
stopper.  Mix.  Transfer  to  dry  beaker.  Mix  again.  Let  set- 
tle, and  pour  off  250  cc.  Titrate  in  500  cc.  Erlenmeyer  flask, 
(first  heating  to  boiling)  with  permanganate  of  strength  0.0056. 
Make  the  necessary  deduction  for  impurities  in  the  sal  soda  and 
zinc  oxide.  Divide  the  number  of  cubic  centimeters  permanga- 
nate taken  by  ten.     Deduct  0,02  per  cent. 

Following  are  some  comparisons  of  results  by  this  method 
with  results  by  Volhard's  method,  gravimetric  method,  and 
color  method : 


Table  XI. 

No. 

Volhard  with 

all  precautions. 

Per  cent. 

stone  with 
aU  precautions. 
Per  cent. 

Gravimetric.              Color. 
Per  cent.                Per  cent. 

I45I 

0.51 

0.51 

0.52                       0.53 

452 

0.44 

0.42 

0.43                      0-435 

453 

0.46 

ro.42 
1 0.43 

....                      0.425 

453 

0.47 

0.45 

0.46                      0.45 

493 

0.46 

0.47 

....                       0.46 

466 

0.41 

0.41 

0.41                      0.43 

466 

0.49 

0.49 

0.485                    0.49 

481 

0.45 

0.46 

0.45s                    0.469 

153 

0.64 

0.65 

....                       0.64 

A  5inPLE  FORn  OF  QAS  REGULATOR.* 

By  Ludwig  Saarbach. 

Received  April  17,  ZS96. 

A  GLASS  tube,  one  end  of  which  is  blown  out  to  a  bulb 
is  bent  around  twice,  as  indicated  in  Fig.  i,  and  is  provided 
with  a  side  tube  T,  Some  mercury  is  poured  into  it,  which 
cuts  off  a  volume  of  air  in  bulb  A,*  The  smaller  tube  /  fitting 
loosely  in  the  wider  tube,  is  connected  with  the  latter  by  a  piece 
of  rubber  tubing,  which  at  the  same  time  allows  an  up  and  down 

1  Read  before  the  New  York  Section,  April  loth.  1896. 
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movement  of  the  small  tube.  This  apparatus  is  put  into  the 
air  or  water  bath,  which  is  to  be  kept  at  a  constant  tempera- 
ture ;  its  working  is  effected  by  the  expansion  by  heat  of  the 


volume  of  air  in  bulb  ^,  which  causes  th4  mercury  column 
to  rise  until  it  reaches  pipe  /,  serving  as  inlet  of  the  gas.  From 
the  space  over  the  mercury  column,  the  gas  is  conducted 
through  the  pipe  7"  to  the  burner.     As  the  inlet  pipe  is  cut  off 
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obliquely  or  drawn  out  to  a  slit,  the  supply  of  gas  is  with  increased 
temperature  diminished  by  and  by,  and  might  even  be  cut  off 
altogether  if  the  pipe  were  not  provided  with  a  small  hole  H^ 
which  allows  the  passage  of  a  sufficient  amount  of  gas  to  pre- 
vent the  extinction  of  the  flame.  The  smaller  supply  of  gas 
lowers  the  temperature,  and  the  sinking  of  the  column  of  mer- 
cury caused  thereby  allows  then  the  gas  to  pass  again  freely. 
It  is  easy  to  keep  the  air-  or  water-bath,  which  is  provided  with 
this  apparatus,  constantly  at  any  desired  temperature  within  i^ 
to  2**  F.  by  regulating  the  position  of  the  inlet  pipe.  The 
daily  changes  in  the  atmospheric  pressure  have  very  slight 
influence. 

As  the  amount  of  mercury  might  at  higher  temperature 
not  be  sufficient  to  keep  back  the  expanded  air  a  small  bulb 
might  be  blown  in  the  second  bend  (B,  Fig.  2),  and  thereby  a 
sufficient  supply  of  mercury  for  even  very  high  tempera- 
tures can  be  provided.  If  the  apparatus  is  intended  for  a  closed 
bath,  the  main  pipe  is  cut  at  C,  the  lower  part  is  then  fixed 
from  inside  and  connected  outside  with  the  upper  part  by  means 
of  rubber  tube.  The  standpipe  1  may  also  be  regulated  by  a 
screw  movement  5. 

This  apparatus  has  the  advantage  of  being  simple  and 
cheap.  It  can  be  used  for  open  or  closed  baths  at  either 
high  or  low  temperatures.  The  main  drawback  of  all  other 
similar  apparatus  is  the  black  mass  caused  by  the  action  of 
illuminating  gas  on  the  mercur>%  which  collects  in  a  short 
while  on  the  surface  of  the  mercury  column  and  stops  the 
action  completely.  The  apparatus  described  allows  the  removal 
of  the  dirty  mercury  and  filling  anew  in  the  easiest  and  most 
rapid  manner. 

Furthermore,  there  is  no  stop-cock  or  rubber  tube  connection 
between  the  working  parts,  that  is,  the  expanded  volume  of  air 
and  the  column  of  mercury. 


A  RAPID  METHOD  OP  DBTERniNINQ   THE   MOLECULAR 
nA55E5  OF  LIQUIDS  BY  nEANS  OF  THEIH 

SURFACE  TENSIONS. 

By  C.  B  LnvBBAKOEx.. 
Received  Majt  xs.  itg5. 

INTRODUCTORY. 

UNTIL  within  the  last  few  years  our  knowledge  of  the  molec- 
ular condition  of  liquids  was  very  limited.  Such  facts  as 
the  existence  of  allotropic  modifications  of  elements  and  of  isomor- 
phous  forms  of  compounds,  the  rotation  of  the  plane  of  polarized 
light,  the  abnormal  vapor-densities  of  certain  substances  in  the 
vicinities  of  theirboiling  points  seemed  to  indicate  that  in  liquids 
two  or  more  gaseous  molecules  coalesce  to  form  complex  molec- 
ular groupings.*  Indeed,  de  Heen*  developed  a  theory  of 
liquids  on  the  hypothesis  that  liquid  molecules  are  made  up  of  a 
number  of  gaseous  molecules,  thus  making  a  distinction  between 
**  liquidogenic**  and  **  gasogenic*'  molecules.  On  the  other 
hand,  it  has  been  assumed  by  some  that  the  differences  between 
gases  and  liquids  are  due  solely  to  the  greater  propinquity  of 
the  molecules  in  the  liquid  condition,  no  polymerization  of  the 
gaseous  molecules  taking  place.  But  nothing  really  definite 
about  the  question  was  advanced  until  Guye,'  in  studying  the 
relation  of  his  critical  coefficient  to  the  molecular  mass  of  a 
liquid  at  its  critical  point,  found  that  it  was  necessary  to  doable 
the  molecular  masses  of  methyl  alcohol  and  water  in  order  to 
make  them  conform  to  the  general  rule  he  had  established. 
This  is  the  first  time  that  a  definite  numerical  value  was 
assigned  to  the  molecular  mass  of  a  liquid,  and  it  was  thereby 
rendered  evident  that  both  of  the  above  suppositions  in  regard 
to  the  molecular  condition  of  liquids  correspond  to  fact ;  some 
liquids  are  polymerized  and  some  are  not. 

1  Naumann :  Ann.  Chem.  {Lubtg),  155,  325, 1870  ;  Henry :  Ann.dela  Soc.  ScutttH^ 
de  Bruxellesy  1878-1879,  267 ;  Spring  :  Bull.  deVAcad.  de  Bdgique  [3],  xi.  No.  5,  i986:  Dnprt : 
Th^oric  m^canique  de  la  chaleur,  147 ;  Amagat :  Ann.  chim.  phys.  [5I,  xz,  536 ;  Ramsay : 
Proc.  Roy.  Soc.,  1880,  April  22  and  December  x6;  Ramsay  and  Young:  Proc.  Roy.  Soc., 
1885,  Nov.  19.  and  Phil.  Mag.^  1887,  xa9. 

2  de  Keen  :  Ann.  chim.  phys.  [6J.  s»  May,  i88s%  and  Phykique  Compar6e  et  la  Theorie 
de  Liquides.  1888. 

^  Ann.  chim. phys.  {6'\^iifOQi.  2890 ;  Compt.  rend.,  xxo,  141  and  1128,  1890;  BuO.Soc. 
Chim.  [3],  3,  51 ;  Arch,  de  Genine.  [3],  23,  197;  Thesis:  Le  coefficient  critique  et  is 
determination  du  poids  moleculaire  au  point  critique.    Paris,  1891. 
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The  next  stage  in  the  investigation  of  the  subject  was  natur- 
ally the  determination  of  the  classes  of  liquids  that  are  made  up 
of  simple  molecules  and  of  the  classes  of  liquids  that  consist  of 
complex  molecules,  or,  in  other  words,  the  determination  of 
which  liquids  are  *'  normal"  and  which  are  "  associated  ;**  also 
the  question  as  to  the  amount  of  association  presented  itself. 

This  investigation  was  taken  up  by  Ramsay  and  Shields/ 
who,  by  the  application  of  a  method  based  upon  determinations 
of  surface  energies,  examined  more  than  fifty  liquids;  this 
work  may  justly  be  cdnsidered  classic  and  is  the  source  of  most 
of  our  definite  knowledge  of  the  size  of  liquid  molecules. 

The  division  of  liquids  into  two  classes  according  to  their 
molecular  polymerization  having  thus  been  rendered  familiar 
and  definite  by  the  work  of  these  two  English  chemists,  many 
properties  of  liquids  were  subjected  to  examination  in  order  to 
ascertain  whether  they  might  reveal  any  Indications  of  molecu- 
lar polymerization.  Guye*  has  been  particularly  active  in  this 
direction  ;  thus,  he  found  evidence  of  molecular  association  in 
certain  liquids,  as  shown  by  their  latent  heats  of  vaporization 
attaining  a  maximum,  their  curves  of  vapor-tensions  intersecting 
one  another,  etc.  Also,  Linebarger,*  in  examining  Pictet's 
Law  (commonly  but  erroneously  known  as  Trouton's  Law) 
and  in  determining  the  specific  gravities,  viscosities,  and  other 
physical  properties  of  mixtures  of  liquids  found  that  certain  abnor- 
malities could  be  best  accounted  for  by  the  assumption  of  the 
presence  of  polymerized  molecules.  Moreover,  in  studying  the 
vapor-tensions  of  mixtures  of  volatile  liquids,  Linebarger*  was 
led  to  the  discovery  of  a  method  of  determining  the  absolute 
molecular  mass  of  a  liquid  at  a  definite  temperature,  Ramsay  and 
Shield's  method  giving  only  the  average  molecular  mass 
throughout  a  certain  range  of  temperature. 

Mention  must  also  be  made  of  an  extremely  simple  method 
proposed  by  Traube'  for  ascertaining  whether  the  molecules  of 
a  liquid  are  in  a  state  of  association  or  not ;  it  is  based  upon  a 

V*  CJUm.  Soe.,  63, 1089,  rS^,  and  Ztschr.  phys.  them.,  is,  433, 18^, 

*  Arch,  de  Genine  [3],  Jan.,  Feb.,  and  May,  1895  ;  Butt.  Soc.  Ckim.,  13,  34, 1895- 

*  Am.  J.  Set.,  49, 381, 1895  ;  Am.  Chem.J.^  18,  429. 

*  /.  Am.  Ckem.  Soc.,  17.  615  and  690, 1895. 

*  Ber.  d.  ckem.  G€s.,i894'i896. 
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determination  of  the  density  of  the  liquid  under  investigation. 

The  discovery  of  a  method  of  determining  the  molecular 
masses  of  liquids  opens  up  a  broad  field  of  investigation.  The 
discoverer  of  a  new  liquid  ought  no  longer  to  be  conteit  with  a 
determination  of  its  vapor-density  or  cryoscopic  behavioi  in  order 
to  ascertain  its  molecular  mass  in  the  gaseous  or  dissolved  state; 
he  ought  also  to  determine  its  surface  tension,  its  density,  or  its 
vapor-tension  in  solution  in  order  to  ascertain  whether  it  is 
associated  or  not.  The  method  of  vapor-tensions  in  solution, 
although  it  is  the  only  one  as  yet  devised  that  gives  indications 
of  the  exact  size  of  a  liquid  molecule  at  a  given  temperature,  is 
rather  long  and  is  restricted  to  volatile  liquids  capable  of  analy- 
sis in  thepresenceof  thesolvent.  The  chemist  isthereforeconfined 
to  the  methods  by  Ramsay  and  Shields,  or  Traube.  As  stated 
above,  Traube*s  method  depends  simply  upon  a  determination 
of  density  ;  it  does  not  seem  to  have  attracted  much  attention, 
probably  because  it  has  merely  an  empirical  basis.  But  a  den- 
sity determination  is  also  required  in  Ramsay  and  Shields' 
method,  so  that  the  two  methods  may  be  employed  together,  the 
one  serving  as  a  control  of  the  other. 

The  method  of  determination  of  molecular  masses  of  liquids 
from  their  surface  energies,  as  carried  out  with  the  apparatus 
used  by  Ramsay  and  Shields,  does  not  seem  to  have  been  gen- 
erally introduced  into  laboratories  of  organic  chemistry  for  the 
probable  reason  that  it  requires  careful  and  skillful  manipula- 
tion and  considerable  time.  There  appears  to  be  a  need  for  an 
apparatus  that  can  be  handled  rapidly,  does  not  require  much 
skill  in  using,  is  always  ready  for  work,  and  g^ves  reliable 
results.  It  is  believed  that  the  apparatus  to  be  described  in  the 
following  sections  meets  these  requirements. 

II.    DESCRIPTION  OP  APPARATUS. 

The  apparatus  (Fig.  i)  consists  of  the  following  pieces:  A 
column  of  brass  tubing  A  A  with  iron  tripod  base  ;  a  short  hori- 
zontal arm  B,  to  which  is  attached  a  brass  gibbed  plate  55  sup- 
porting the  capillary  tubes  by  means  of  the  clamps  CC  and  DD, 
and  also  the  micrometer  screw  EF\  a  retort  ring -^/^  bearing 
the  beaker  // ;  a  compression  device  consisting  of  a  screw  L 
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pressing  into  a  rubber  ball  K,  which  is  connected  by  means  of 
rubber  tubing  and  a  glass  Y  tube  N  to  the  upper  extremities  of 
the  capillary  tubes ;  a  vertical  rod  J/A/"  passing  through  the  arm 
B  {Xxy  which  it  may  be  clamped  by  a  thumb-screw  not  shown  in 
the  figure)  and  provided  with  rings  to  support  the  rubber  tubes 
connected  with  the  capillar^'  tubes,  the  latter  being  thus  relieved 
of  the  weight  of  the  former  ;  a  test  tube  O,  into  which  the  capil- 
lary tubes  pass,  supported  by  the  cover  of  the  beaker  //;  two 
thermometers,  one  to  take  the  temperature  of  the  bath-liquid 
contained  in  the  beaker,  the  othef  that  of  the  liquid  undergoing 
investigation  in  the  test  tube  O, 

Some  of  these  pieces  require  a  more  detailed  description. 

The  immovable  part  of  the  gibbed  plate  has  a  scale  fastened 
along  its  side  divided  into  fortieths  of  an  inch,  while  its  movable 
part  has  a  pointer  playing  over  this  scale.  Back  of  the  gibbed 
plate  is  fixed  the  bearing  P,  in  which  the  screw  EFXMxns  ;  the 
clamps  CC  are  attached  to  the  fixed  portion  of  the  gibbed  plate, 
also  another  pointer  for  the  milled  head  of  the  screw. 

The  micrometer  screw  demands  a  specially  detailed  descrip- 
tion, inasmuch  as  the  accuracy  of  the  results  obtainable  by  the 
apparatus  depend  mainly  upon  the  accuracy  of  its  construction. 
The  one  I  use  has  forty  threads  to  the  inch,  is  about  four  inches 
long,  and  of  good  diameter,  so  as  to  give  absolute  motion,  the 
adjustable  split  bearing  P  taking  up  all  lost  motion.  Great 
pains  were  taken  in  turning  it,  and  I  have  been  unable  to  detect 
any  irregularities  in  its  construction  ;  indeed,  the  screw  fur- 
nished by  the  makers  is  even  more  accurate  than  is  really  neces- 
sary. The  milled  head  E  (about  thirty-five  mm.  in  diameter) 
is  divided  into  100  parts,  thus  giving  a  direct  reading  of  ^^Vt 
of  an  inch,  and  even  less  than  that,  since  it  -is  eas}'  to  estimate 
fractions  of  a  division. 

Three  capillar}-  tubes  were  employed  in  working  with  the 
apparatus : 

A  with  a  bore  of  about  one  and  a  half  mm. 
B     *'     '*    •*     '*      ••      five-tenths  mm. 
C    **     "    ^'     '*       "      one-tenth  mm. 
From  the  nature  of  the  method  it  is  not  at  all  necessary  to 
know  the  exact  dimensions  of  the  tubes  ;  all  that  is  required  is 
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that  the  bore  be  approximately  circular  and  the  edges  sharp. 
To  prepare  the  capillary  tubes,  a  stock  of  tubing  is  examined 
and  tubes  of  the  desired  dimensions  selected.  Pieces  are  broken 
ofi  from  these  tubes  until  it  is  found  that  the  ends  present  plane 
surfaces  perpendicular  to  the  axis  of  the  tube.  If  the  clamps 
happen  to  be  too  large  for  the  tubes,  a  filling  of  sheet  lead  inay 
be  employed. 

The  liquid  serving  as  bath  and  contained  in  the  beaker  may 
be  water  or  glycerin  ;  it  is  heated  by  means  of  a  Bunsen  burner 
and  kept  in  motion  by  means  of  a  stirrer  (not  shown,  however, 
in  the  figure) .  Besides  this  kind  of  a  bath  much  use  was  made 
of  a  vapor  jacket  for  keeping  the  temperature  uniform  during  a 
determination.  The  test  tube  O  was  fitted  into  a  considerably 
larger  tube  by  means  of  a  cork,  through  a  second  perforation  of 
which  passed  a  long  glass  tube  acting  as  a  condenser.  On 
boiling  liquids  or  mixtures  of  liquids  in  the  larger  tube,  their 
vapors  rise  and  heat  the  inner  tube  with  its  contents  to  a  desired 
constant  temperature  for  any  length  of  time. 

HI. — METHOD  OP   MAKING  A   DETERMINATION. 

The  first  thing  to  do  in  using  the  apparatus  is  to  get  the  lower 
extremities  of  the  two  capillary  tubes  at  the  same  level.  This 
may  be  accomplished  in  the  following  simple  manner.  A  spirit- 
level  is  placed  upon  a  piece  of  plate  glass,  which  in  turn  is  set 
upon  the  support  H  at  the  required  height  and  levelled.  The 
pointers  of  the  side  scale,  as  well  as  that  of  the  screw  head,  are 
set  at  zero,  the  tubes  allowed  to  rest  freely  upon  the  plate  glass, 
and  then  clamped  into  position.  While  this  way  of  fixing  the 
tubes  answers  well  enough  for  the  initial  adjustment  of  the  ap- 
paratus, it  is  not  sufl5ciently  accurate  to  insure  their  being  re- 
placed in  the  same  position,  if,  from  any  cause,  they  become 
displaced.  Indeed,  it  is  not  at  all  certain  that  the  tubes  are  at  the 
same  level  to  within  o.i  mm.,  when  adjusted  in  the  above  man- 
ner ;  yet  this  degree  of  accuracy  is  entirely  sufficient  for  the  first 
adjustment,  and  later  it  will  be  shown  how  they  can  be 
gotten  into  the  same  position  to  within  o.oi  mm. 

The  test  tube  has  a  mark  scratched  on  its  side,  which  indi- 
cates the  volume  of  liquid  that  is  to  be  taken  for  a  determination 
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of  its  capillary  constant,  it  having  been  found  that  differences  in 
the  distance  between  the  surface  of  the  liquid  and  the  orifices  of 
the  tubes  have  a  little  influence  upon  the  readings  of  the 
instrument.'  The  volume  of  the  liquid  may  be  as  small  as  a 
couple  of  cubic  centimeters,  if  a  small  test  tube  be  used; 
generally,  however,  it  is  advisable  to  employ  from  five  to  ten  cc. 
The  test  tube  is  filled  with  the  liquid  under  examination  to  this 
mark  and  the  tube  suspended  in  the  bath.  The  beaker  is  placed 
upon  a  piece  of  asbestos  board  or  wire  gauze  set  upon  the  retort 
ring,  which  is  raised  until  the  capillary  tubes  are  close  to  the 
bottom  of  the  test  tube.  A  thermometer  is  introduced  into  the 
liquid,  and  the  bath  liquid  stirred  so  as  to  insure  uniformity  of 
temperature.*  The  rapidity  with  which  the  liquid  undergoing 
investigation  takes  on  the  temperature  of  the  bath  may  be  has- 
tened by  blowing  bubbles  up  through  it  by  compression  of  the 
air  in  the  rubber  ball  K, 

When  the  temperature  of  the  liquid  is  the  same  as  that  of  the 
bath,  the  movable  tube  (preferably  the  one  with  the  smaller 
bore),  is  raised  by  turning  the  screw.  This  may  be  done  rap- 
idly while  bubbles  are  being  forced  out  of  the  larger  tubes  every 
second  or  so.  At  a  certain  point  bubbles  may  cease  to  issue 
from  the  larger  tube  and  commence  to  come  from  the  smaller 
one,  an  indication  that  the  correct  adjustment  has  been  passed. 
The  screw  is  now  turned  very  cautiously  in  the  opposite  direc- 
tion until  bubbles  issue  at  about  the  same  time  from  both  of  the 
tubes.     The  final  adjustment  is  generally  best  made  as  follows  : 

The  air  is  compressed  very  slowly  until  it  has  arrived  just  at 
the  orifices  of  both  tubes.  The  pressure  is  then  not  increased 
further,  and,  as  a  rule,  it  will  be  observed  that,  if  the  adjustment 
is  perfect,  bubbles  will  issue  of  their  own  accord  from  both  the 
tubes  in  a  second  or  so  ;  sometimes  one  of  the  bubbles  lags  a 
little  behind  the  other.  The  success  of  the  operation  depends 
upon  the  steady  and  gradual  compression  of  the  air  ;  if  this  be 
subjected  to  abrupt  or  irregular  changes  of  pressure,  not  incon- 
siderable errors  may  be  committed.     It  is  advisable  to  make  at 

1  This  influence  is.  however,  but  slight.  Resdings  with  ether  were  found  to  differ 
byonly^lvof  an  inch,  when  the  difference  between  the  free  surface  of  the  liquid  and 
the  lower  extremities  of  the  capillary  tubes  differed  by  more  than  four  inches. 

s  The  mode  of  procedure  is  essentially  the  same  when  a  vapor  jacket  is  employed. 
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least  two  readings,  one  when  the  narrower  tube  is  being  lowered, 
the  other  when  it  is  being  raised  ;  indeed,  the  readings  can  be 
made  so  rapidly  that  it  is  a  good  plan  to  take  a  half  dozen  or  so, 
the  tubes  being  moved  alternately  up  and  down« 

IV. — DISCUSSION  OF  SOURCES  OF  ERROR   IN   APPARATUS. 

In  the  determination  of  the  capillary  constants  by  means  of 
the  apparatus  described  in  the  preceding  sections,  measurements 
of  three  kinds  have  to  be  made,  viz,,  measurements  of  specific 
gravity,  of  temperature,  and  of  the  distance  between  the  lower 
extremities  of  the  capillary  tubes.  We  pass  to  the  discupsion  of 
the  errors  inherent  to  each. 

I.  The  determination  of  the  surface  tensions  by  any  of  the 
direct  methods,  such  as  measuring  the  height  to  which  liquids 
rise  in  capillary  tubes,  etc.,  cannot  be  said  on  an  average  to  be 
accurate  to  more  than  one  part  in  two  thousand,  and  only  in  ex- 
ceptional cases  to  one  part  in  ten  thousand.  On  the  other  hand 
the  accuracy  of  a  specific  gravity  determination  can  easily  attain 
one  part  in  ten  thousand,  and  in  many  cases  to  even  one  part 
in  a  hundred  thousand.  In  the  formula  to  be  communicated  in 
the  following  section,  it  will  be  seen  that  the  influence  of  the 
specific  gravity  upon  the  value  of  the  capillary  constant  is  not 
very  great,  so  that  a  determination  of  the  specific  gravity  to  one 
part  in  two  thousand  is  perhaps  sufficiently  accurate  for  our  pur- 
poses, although  it  is  of  course  better  to  be  sure  of  the  fourth 
decimal  place.  We  may  conclude  then  that  the  accuracy  of  a 
determination  of  the  specific  gravity  of  a  liquid  where  surface 
tension  is  to  be  ascertained,  may  be  counted  perfect,  if  it  be  made 
to  within  one  part  in  ten  thousand. 

II.  For  temperatures  between  o°  and  50**  it  is  an  easy  matter 
to  keep  the  temperature  of  even  such  a  simple  bath  as  the  one 
given  in  Fig.  i  constant  to  within  0.05°  long  enough  to  adjust 
the  apparatus  and  make  several  readings.  By  the  use  of  the 
larger  baths,  or,  better  still,  of  vapor  jackets,  the  temperature 
can  be  kept  sufficiently  uniform  for  the  investigation  at  different 
temperatures  of  most  liquids.  As  a  variation  of  temperature 
amounting  to  o.i^  changes  but  little  the  readings  of  the  appara- 
tus, it  may  be  allowed  that  the  error  committed  in  estimating  the 
temperature  is,  for  the  purpose  of  this  investigation,  negligible. 
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III.  The  possible  error  that  may  be  committed  in  the  readings 
of  the  apparatus  can  best  be  judged  by  considering  the  readings 
themselves.  A  number  of  series  of  readings  for  different  liquids 
at  various  temperatures  are  accordingly  given  just  as  they  were 
taken  directly  from  the  apparatus. 

The  readings  are  not  to  be  taken  as  material  for  the  calcula- 
tion of  the  surface  tensions  of  the  liquids,  as  in  some  cases  they 
do  not  represent  the  true  distances  between  the  lower  extremi- 
ties of  the  capillary  tubes,  the  positions  of  these  having  been 
altered  purposely  several  times.  The  unit  of  a  reading  is  a  for- 
tieth of  an  inch. 


Nitroethanei  at  16.95*.    Tubes  A  and  B. 

Nitroethanei  at  46.6*. 

Tubes  A  and  B. 

23.27 

21.23 

23.26 

21.26 

23.28 

21.21 

Nitromethanei  at  24.5*.    Tubes  A  and  B. 

Nitromethanei  at  41.5* 

.    Tubes  A  and  B. 

24.28 

22.86 

24.26 

22.87 

24.23 

22.80 

24.25 

22.81 

24.29 

22.85 

24.26 

24.26 

Benzene  at  ao.o*.    Tubes  A  and  B. 

Benzene  at 

:  30.5*.    Tubes  B  and  C. 

22.86 

30.55 

22.88 

30.54 

22.85 

30.59 

22.86 

30.56 

22.87 

30.55 

Toluene  at  25.0*.    Tubes  A  and  B. 

Toluene  at  46.6*.    Tubes  A  and  B. 

24.42 

22.65 

24.44 

22.63 

24.41 

22.62 

24.40 

22.63 

24.43 

22.64 

Another  series  made  ten  days  later. 

22.64 

24.43 

22.66 

24.45 

22.64 

24.42 

24.43 

24.45 

1  Made  by  Mr.  h.  W.  Jones,  of  the  University  of  Chicago. 
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Methyl  nitnte  at  o.a*.    Tnbes  A  and  B.       Carbon  bisulphide  at  19.5*.    Tvbes  A  and  B. 

>8.29  1935 

18.28  19.32 

18.25  19.30 

18.26  19.33 

18.28  19.34 

Ethyl  ether  at  o.x*.    Tubes  A  and  B.  Ethyl  ether  at  25.0*.    Tubes  A  and  B. 

17.90  13.55 

17.92  13.53 

17.92  13.53 

17.95  13.54 

17.93  Another  series  made  over  a  month  later. 

13.54 

13.55 

13-53 
Toluene  at  78V*    Tubes  B  and  C.         Monochlorbenzene  at  77.8*.    Tubes  B  and  C 

24.73  23.34 
24.77  23.38 
24.75  23.32 
24.71  23.35 

24.74  23.34 

Ethyl  iodide  at  35.0*.    Tubes  A  and  B.  Ethyl  alcohol  at  51.0*.    Tubes  A  and  B. 

8.89  18.65 

8.87  18.62 

8.88  18.64 
8.88  ]8.6l 
8.87  18.63 

Another  series  made  twenty  days  later. 

8.87 

8.86 

8.88 
Water  at  40.0*.    Tubes  A  and  B.  Water  at  30.0*.    Tnbes  A  and  B. 


77.10 

76.09 

77.13 

76.13 

77.14 

76.10 

77.09 

76.16 

77.11 

76.23 

77.16 

76.14 

77.13 

76.16 

77.12 

76.18 

76.15 

Another  series  made  a  fortnight  later. 

76.12 

76.18 

76.21 

76.19 

76.14 

76.18 
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These  series  of  numbers  have  been  taken  from  my  note  books 
almost  at  random,  and  are  but  a  small  portion  of  the  number  of 
readings  I  have  made.  They  show  that  for  most  liquids  differ- 
ences in  the  readings  amounting  to  more  than  j^^  of  an  inch 
seldom  occur,  and  when  a  series  of  readings  are  made  and  their 
average  taken,  the  error  almost  vanishes.  Only  in  case  of  water 
were  greater  differences  of  readings  obser\^ed  ;  yet,  since  water 
has  such  a  large  capillary  constant,  the  error  committed  is  very 
slight.  It  was  observed  that  the  nearer  the  extremities  of  the 
capillary  tubes  were,  and,  consequently,  the  smaller  the  numeri- 
cal value  of  the  reading,  the  more  concordant  were  the  readings. 

While  the  three  sources  of  error  just  discussed  seem  to  be 
almost  negligible,  there  is  another,  inherent,  not  in  the  appara- 
tus, but  in  the  method,  which  stands  seriously  in  the  way  of 
obtaining  reliable  absolute  determinations  of  the  surface  tensions 
of  liquids.  This  source  of  error  lies  in  the  determination  of  the 
"apparatus  constant,*'  which  may  vary  from  one  liquid  to 
another.  A  more  detailed  discussion  of  it  will  be  given  in  the 
next  section,  after  the  way  in  which  the  **  apparatus  constant  ** 
is  determined  is  described. 

v. — CALCULATION   OF   RESULTS. 

Having  now  shown  the  degree  of  accuracy  attainable  in  the 
readings  of  the  apparatus  under  discussion,  I  will  pass  to  the 
consideration  of  the  manner  in  which  the  results  obtained  by 
this  indirect  method  may  be  converted  into  those  arrived  at  by 
direct  methods.  As  stated  above,  two  things  besides  the  tem- 
perature are  measured  in  this  method  :  ( i )  the  specific  gravity 
of  the  liquids  taken,  and  (2)  the  vertical  distance  between  the 
lower  ends  of  the  two  capillary  tubes  when  air  under  the  same 
pressure  issues  in  synchronous  bubbles  from  their  orifices.  It  is 
not  difficult  to  determine  the  specific  gravity  to  within  ^irfinr* 
although  an  accuracy  of  Tuhui^  ^s  quite  sufficient.  The  distance 
between  the  ends  of  the  two  tubes  can  be  measured  to  about  a 
hundredth  of  a  millimeter,  except  in  the  case  of  water,  where 
the  degree  of  accuracy  of  measurement  is  only  within  a  tenths 
of  the  same  unit  of  length.  It  is  now  our  task  to  pass  from  the 
data  obtained  from  measurements  of  these  quantities  to  the 
capillary  constants  measured  in  dynes  per  centimeter. 
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Inasmuch  as  our  knowledge  of  the  form  of  the  bubbles  just  on 
the  point  of  issuing  from  the  orifices  of  the  capillary  tubes  is  not 
at  all  precise,  there  appears  to  be  no  immediate  way  of  finding 
a  relation  on  theoretical  grounds  between  the  data  furnished  by 
this  indirect  method  and  those  given  by  direct  methods.  Jager' 
obtained  the  relationship  employed  by  him  in  the  following 
manner :  '  *  Wie  sich  unsere  Annahme  fiir  die  Pormulirung  des 
Einflusses,  welchen  die  Rohrenweite  auf  den  bewussten  capil- 
laren  Druck  hat,  als  richtig  erwies,  so  zeig^  sich,  wie  wir  spater 
sehen  werden,  dass  es  vollstandig  geniigt,  wenn  wir 

aF(s)  =  a{i+/3sy 

setzen,  wobei  /S  eine  Constante  bedeutet,  die  sich  ebenfalls  leicht 
ermitteln  lasst,  wenn  zwei  Fliissigkeiten,  deren  annd  ^bekannt 
sind,  zu  Gebote  stehen.  Verwenden  wir  namlich  zu  unseren 
Messungen  stets  dieselben  beiden  Capillarrohren,  so  wird  fiir  die 
eine  Fliissigkeit  die  Gleichung  ( i ) 

a(i  +  /3s)<p(ry)  =  hs, 

fiir  die  zweite, 


somit 


a\i+ps')       AV 

Aus  dieser  Gleichung  kann  der  Werth  von  y^ermitteltwerden 
da  alle  tibrigen  in  ihr  vorkommenden  Grossen  bekannt  sind." 

In  order  to  obtain  the  value  of  /S,  he  made  use  of  Brauner*s' 
and  Wolf's^  directly  determined  data  for  water  and  ethyl  ether. 
By  transforming  the  immediately  preceding  equation  into 

he  obtained  therefrom  on  putting 


h's' 
hs 


=  ^, 


a=:c 


i  +  /3s' 


"*■  Loc.  cit. 

2  a  s=  capillary  constant;  s  =  specific  gravity. 

^Ann. der  Pkys.  Pogg.,  70,  515. 

*  Ann.  der  Pkys.  P9gg.^  7«>i  575- 
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and  substituting  for  specific  gravity  =  s,  the  specific  volume  = 

v=  — ,  he  finallv  obtained 
s 

h 
a  =  c 


V 


+  /»• 

an  equation  used  throughout  his  work  in  transforming  his 
results. 

It  is  hardly  necessary  to  mention  that  the  degree  of  accuracy 
that  can  be  attributed  to  an  indirect  method  of  measuring  a 
physical  constant  of  Nature  depends  upon  the  accuracy  of  the 
results  obtained  by  direct  methods ;  hence  the  importance  of 
choosing  the  most  exact  directly  determined  data  for  the  cali- 
bration of  an  indirect  method.  Ramsay  and  Shields'  have 
elaborated  the  method  of  measuring  the  heights  to  which  liquids 
rise  in  capillary  tubes,  and  have  carried  out  series  of  determi- 
nations of  the  capillary  constants  of  various  liquids  in  contact 
only  with  their  own  vapor  and  glass,  which  are  justly  regarded 
as  of  the  greatest  trustworthiness,  and  may  be  confidently  taken 
as  standards. 

If  Jagers  equation, 

a'\i+/is')^  h's  ' 

be  correct,  it  ought  to  be  possible  to  obtain  the  same  value  of  fi, 
when  the  data  for  ot  and  a\  s  and  s\  and  //  and  //'  are  taken  for 
any  pair  of  liquids.  On  carrying  out  the  calculations,  however, 
I  found,  on  employing  the  data  given  by  Ramsay  and  Shields.'' 
for  the  specific  gravities  and  capillary  constants,  and  the  read- 
ings of  my  apparatus  for  the  differences  of  level  between  the 
extremities  of  the  two  capillary  tubes,  that  the  values  of  /i  varied 
considerably"  for  different  pairs  of  liquids.  Furthermore,  it  was 
found  that,  if  /S  and  c  be  calculated  for  any  two  liquids,  and 

then  from  the  equation 

hs 

a-=.C -. — jr. 

the  value  of  a  be  deduced  for  a  third  liquid,  differences  between 
the  values  thus  obtained  and  those  given  by  Ramsay  and  Shields 
amounting  to  five  or  ten  per  cent,  were  obtained  in  some  cases, 

^ZtKhr.phys.  Chftn.^  Ht  433.  '"^Vj- 
1  Lx.  lit. 
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although  once  in  a  while  a  pretty  good  correspondence  was 
observed.  Jager's  equation  appears  to  be  merely  approximate 
and  does  not  stand  a  rigid  scrutiny.  Jager  himself  seems  to 
find  the  justification  of  his  formula  in  its  yielding  results  corro- 
borative of  certain  theoretical  views  he  advances,  and  in  the 
agreement  between  his  observed  values  and  those  calculated  for 
the  same  temperatures,  by  means  of  temperature  coefficients ; 
but  as  the  temperature  coefficients  were  derived  from  his  own 
data,  which  differ  but  rarely  more  than  five  or  ten  percent,  from 
those  communicated  by  Ramsay  and  Shields,'  and  he  does  not 
attain  to  a  much  closer  correspondence  than  that  between  his 
observed  and  calculated  values,  the  correctness  of  the  formula 
does  not  seem  to  be  any  the  better  established. 

It  accordingly  became  peremptory  to  devise  another  formula 
which  should  be  in  better  accordance  with  Ramsay  and  Shields'' 
measurements.     But  here  a    difficult}*^    arose.      Ramsay   and 
Shields  determined  the  capillary  constants  of  liquids  that  had 
been  freed  from  air ;  the  liquids  were  in  contact  only  with  their 
own  vapor  and  glass.     There  is  no  doubt  but  that  the  surface 
tensions  of  liquids  can  be  measured  accurately  by  means  of 
their  rise  in  capillary  tubes  only  when  no  air  is  present ;  K. 
Schiff'  had  already  made  this  observation  before  Ramsay  and 
Shields.    Just  what  influence  the  presence  of  air  has  upon  the 
capillarity  of  liquids  we  do  not  know ;  the  greater  or  less  volatility 
of  a  liquid  makes  the  degree  of  dilution  of  air  in  contact  with  its 
surface  correspondingly  greater  or  less.     In  the  apparatus  de« 
scribed  in  this  article,  the  liquid  under  examination  is  saturated 
with  air,  and  the  pressure  of  the  air  varies  with  the  specific 
gravity  of  the  liquid.     The  difficulty  at  issue  lies  in  the  question 
as  to  whether  the  indirect  determinations  made  with  liquids  in 
contact  with  air  are  comparable  to  more  than  a  gross  approxi- 
mation with  those  obtained  by  the  direct  method  as  employed 
by  Ramsay  and  Shields.     This  difficulty  seemed  at  first  to  be 
unsurmountable,  but,  Anally,  a  simple  relation  was  discovered 
which  shows  an  excellent  correspondence  between  Ramsay  and 
Shields'  data  and  mine. 

1  Loc.  C.H. 
3  Loc.  cit. 
s  Ann.  Chem.  (Liebi^). 333, 47. 
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The  relation  in  question  is 

yz=icAs+s' (A) 

wherein  y  represents  the  capillary  constant  in  dynes  per  centime- 
ter, c  the  ' '  apparatus  constant, ' '  A  the  distance  between  the  ends  of 
thetubes,  and ^ thespecific gravity.  The  valueof  theconstant  was 
obtained  in  the  following  way.  The  data  for  y  and  s  were  taken 
from  Ramsay  and  Shields'  and  Ramsay  and  Aston's  papers,  and 
those  for  A  from  my  own  measurements.  These  were  set  in 
equation  (A)  and  the  value  of  c  calculated  therefrom.  The 
greatest  pains  were  taken  in  the  purification  of  the  liquids 
examined,  so  that  they  had  no  doubt  the  same  properties  as  those 
used  by  the  investigators  just  named.  The  data  and  results  of 
the  calculations  are  given  in  Table  I.  for  the  tubes  A  and  By  and 
in  Table  II.  for  tubes  B  and  C. 


Values  of  ^^ Apparatus 

Name  of  liquids.       Zl 

Water 20.0° 

•*     30.0° 

"     40.0° 

Methyl  alcohol*  ••  20.0^ 

Ethyl  "       ...  20.0^ 

Acetone 16.8° 

"       4M° 

Ethyl  ether 20.0° 

"  **    30.0" 

Ethyl  iodide 19.1° 

Carbon  bisulphide    9.7^ 

Benzene* ••' ix.2° 

46.0° 

Chlorbenzene 9.5^ 

45.6° 

Toluene 15.2*^ 

46.6° 


Table  I. 

Constant^' for  Tubes  A  and  B. 

s. 

y. 

h. 

c. 

0.9984 

70.72 

55.60       ] 

[.248 

0.9958 

69.10 

54.85        3 

I  247 

0.9923 

67-50 

5390       i 

1.245 

0.7905 

23.03 

23.16       ] 

[.227 

0.7900 

22.03 

21.97       3 

C.236 

0.7798 

23.35 

22.95       ] 

[.238 

0.7656 

19.68 

20.00 

1.250 

0.7143 

16.49 

17.91       ] 

t.245 

0.7000 

15.27 

16.87       3 

t.252 

1.937 

30.00 

10.88       ] 

[.248 

12773 

32.73 

19.90       ] 

[.224 

0.8871 

29.21 

25.86       1 

^239 

0.8500 

24.71 

22.75       : 

[.241 

1.1182 

33.71 

23.46       : 

E.238 

1.0795 

29.30 

21.25       ] 

[.227 

0.8682 

28.18 

25.21       ] 

1.253 

0.8380 

24.60 

22.65        ] 

1.259 

Average  ^  ] 

1.243 
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Table  II. 

Values  of  '*  Apparatus  Constant^  for  Tubes  B  and  C, 

Names  of  liquids.       T.  s,  y,  h.  c. 

Acetone i6.8°  0.7998  23.25  27.72  1.025 

''        46.4°  0.7656  19.68  24.22  1.029 

Chlorbenzene 45-6*^  1-0795  29.30  25.71  1.014 

**           77.8^  10444  24-65  23.38  1.011 

Ethyl  ether 20.0^  0.7143  16.49  22.08  1.036 

Benzene ix.2^  0.8871  29.21  31.44  1.019 

**        46.0^  0.8500  24.71  27.86  1.013 

Toluene 15.2^  0.8682  28.18  30.60  1.032 

** 46.6°  0.8380  24.60  27.75  1.028 

**        78.4°  0.8080  20.93  24.75  1.014 

Average  ^  1.022 

A  glance  at  the  tables  shows  that  the  '*  constants"  are  indeed 
quite  constant.  In  Table  I.,  the  average  of  the  numbers  in  the 
last  column  is  1.243  >  the  greatest  variation  on  one  side  is  0.019 
for  carbon  bisulphide  at  9.7**,  and  on  the  other  side,  0.016  for 
toluene  at  46.6°.  Generally,  the  differences  from  one  liquid  to 
another  are  not  larger  than  they  are  for  the  same  liquid  from  one 
temperature  to  another.  Likewise,  in  Table  II.,  the  average 
value  of  the  constant  is  1.022,  with  differences  of  0.014  for  ether 
at  20.0''  on  the  one  hand,  and  o.oii  for  chlorbenzene  on 
the  other. 

Introducing  c  =  1.243  i^oxxi  Table  I.  and  r  =  1.022  from 
Table  II.  into  equation  {A),  and  treating  a  as  the  unknown 
quantity,  I  calculated  the  capillary  constants  to  be  those  given 
in  Tables  III.  and  IV.,  respectively,  beside  which  are  placed  the 
corresponding  data  given  by  Ramsay  and  Shields'  and  Ramsay 
and  Ashton. 

TABI.E  III. 
Comparison  of  Capillary  Constants  for  Tubes  A  and  B.    <:  =s  1.234* 

Names  of  liquids.        Temp.  y,  y,  y—y* 

Ramsay  & 
y  =  <:A^. +ja.     •  Shields. 

Water 30.0^  68.82  69.10  —0.28 

"      40.0^  67.42  67.50  — 0.08 

Methyl  alcohol 20.0°  23.39  23.03  -|-o-36 

Ethyl  alcohol 20.0°  22. 1*7  22.03  -fo-U 

iLoc.  cit. 
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Names  of  liquids.       Temp.  y.-  y.  y — y, 

Ramsay  & 
y=fAj.+  ja.     Shields. 

Acetone.. 16.8°  23.34  23.35  — o.oi 

46.4°  19.59  19-68  —0.09 

Etbyl  ether 20.0°  16.42  16.49  — o-o? 

"      300°  15-18  15.27  —0.09 

Ethyl  iodide 19.1^  29.90  30.00  — -o.io 

Carbon  bisulphide*  •-    9.7°  32.22  32.73  —0.49 

Benzene n.2°  29.31  29.21  -f-o.io 

**       46.0°  24.75  24.21  -fo.04 

Chlorbenzene 9.5°  33.86  33.71  +0.15 

45-6°  29.68  29.30  +0.38 

Toluene 15.2°  27.96  28.18  —0.22 

46.6^  24.25  24.60  —0.35 

Tabi^B  IV. 

Comparison  of  Capillary  Constants  for  Tubes  B  and  C    ^  =  1,022. 
Names  of  liquids.  T,  y.  yL  y—y'. 

Ramsay  & 
}'  =  cAj4-ja       Shields. 

Acetone 16.8°  23.32  23.35  —0.03 

"        46.4°  19-64  19.68  —0.04 

Chlorbenzene 45.6°  29.56  29.30  -1-0.26 

*•              77.8^  26.01  25.66  +0.35 

Ethyl  ether 20.0°  16.42  16.49  —0.07 

Benzene 11.2°  29.28  29.21  4-0.07 

**       46.0^  24.88  24.71  -fo.ii 

Toluene 15.2^  27.93  28.18  —0.25 

46.6°  24.46  24.60  —0.14 

78.4^  21.09  20.93  4-0-16 

It  is  at  once  apparent  that  only  in  a  few  instances  the  differ- 
ences between  Ramsay  and  Shields'  results  and  mine  amount  to 
more  than  a  few  tenths  of  a  per  cent.,  and  in  some  cases  the 
correspondence  is  as  good  as  perfect.  Furthermore,  the  differ- 
ences that  are  found  seem  to  be  very  nearly  the  same  when 
either  pair  of  tubes  is  employed  ;  this  indicates  that  the  differ- 
ences are  due  rather  to  the  possible  differing  degrees  of  purity 
in  the  liquids  employed  by  each  of  us  than  to  a  fault  in  the 
apparatus  itself.  However  that  may  be,  the  data  show  that  it 
is  possible  to  obtain  with  the  apparatus  in  question  results, 
which  by  means  of  the  formula  {A),  are  comparable  with  those 
obtained  by  Ramsay  and  Shields  or  Aston.  One  cannot  with- 
stand the  temptation  to  quote  Jager's  words  :*     *  * unsere 

1  Loc.  cit. 
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methode  is  vollstandig  geeignet,  richtige  Resultate  zuergeben. 
Fasst  man  noch  die  leichte,  sichere  und  wenig  zeit  beanspmch- 
ende  Handhabung,  welche  unser  Apparat  erfordtrt,  ins  Auge, 
so  wird  man  wohl  leicht  zur  Ueberzeugung  gelangen,  dass 
unter  den  gegenwartigen  Methoden  ftir  den  praktischen 
Gebrauch  kaum  eine  bessere  zu  finden  sein  diirfte."  As  to 
what  pertains  to  the  experimental  handling  of  the  apparatus, 
my  experience  with  it  enables  me  to  subscribe  to  the  above. 
But  a  restriction  has  to  be  made  in  regard  to  the  conversion  of 
the  indirect  results  into  direct  ones.  Jager's  formula  has  been 
shown  above  to  be  only  approximately  correct,  and  the  one  I 
propose  has  but  an  empirical  basis.  Although  it  has  been  foand 
to  stand  the  test  of  comparison  with  ten  liquids  of  different  prop- 
erties, when  two  sets  of  tubes  were  employed,  it  is  not  allowable 
to  claim  that  it  will  furnish  reliable  results  for  any  liquid  what- 
soever. In  other  words,  the  instrument  cannot  be  depended 
upon  to  give  absolute  data,  since  the  '*  apparatus  constant"  may 
differ  from  liquid  to  liquid.  Still  it  is  not  at  all  probable  that 
the  variations  in  the  value  of  the  "  apparatus  constant"  will  be 
very  great  in  any  case,  and,  as  a  variation  of  as  much  as  ten  per 
cent,  has  but  a  relatively  small  influence  upon  the  suiface  ten- 
sion, the  method  may  be  considered  to  give  results  accurate 
enough  for  the  calculation  of  molecular  masses,  since  Ramsay 
and  Shields  do  not  claim  for  their  method  an  accuracv  of  more 
than  six  or  seven  per  cent. 

VI.   MODB   OP    PROCBDURB   IN  DBTBRMINING  THB   MOLBCULAS 

MASSBS  OP  LIQUIDS. 

In  determining  the  molecular  mass  of  a  liquid  it  is  well  to 
measure  its  surface-tension  at  three  different  temperatures,  and 
for  this  purpose  vapor  jackets  will  be  found  convenient.  Tem- 
peratures easy  to  get  are  ( i )  that  of  the  atmosphere  lo^  to  25'' ; 
(2)  that  of  boiling  carbon  bisulphide,  about  46"* ;  (3)  that  of 
boiling  alcohol,  about  jS"*.  Of  course,  other  liquids  than  these 
may  be  used,  all  that  is  required  is  that  the  temperatures 
obtained  are  ?o'-3o''  apart. 

The  liquid  is  placed  in  the  test  tube  O,  and  carbon  bisulphide 
is  poured  into  the  jacketing  tube.     The  capillary  tubes  are  im- 
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mersed  in  the  liquid,  and,  after  the  temperature  has  become  uni- 
form, several  readings  are  made,  their  tiverage  being  taken. 
The  carbon  bisulphide  is  now  boiled  and  when  the  temperature 
has  become  comstant  a  second  series  of  readings  is  made.  The 
flame  is  removed  and,  after  the  liquid  has  cooled  down  a  little, 
alcohol  is  substituted  for  the  carbon  bisulphide.  The  alcohol  is 
now  boiled  and  a  third  series  of  readings  taken  when  the  tem- 
perature becomes  stationary.  All  of  these  operations  can  be 
easily  made  in  less  than  an  hour. 

It  is  possible  to  determine  the  specific  gravity  of  the  liquid  at 
the  different  temperatures  during  the  above  operation,  as  the 
capillary  apparatus  requires  but  little  continuous  attention,  most 
of  the  time  taken  up  in  a  determination  being  needed  in  warm- 
ing the  liquid  to  a  constant  temperature.  Any  of  the  ordinary 
methods  of  density  determinations  may  be  employed  which  can 
give  it  to  the  third  or  fourth  decimal  place. 

The  necessary  calculations  may  be  illustrated  by  a  couple  of 
examples,  one  of  a  normal  liquid,  the  other  of  an  associated 
liquid.  For  the  theoretical  grounding  and  fuller  explanation  of 
the  method,  reference  must  be  had  to  Ramsay  and  Shields' 
paper.  ^ 

BBNZBNB. 

^  =  rfj  + j'=  (1.243  X  25.86  X  0.8871)  +  0.80=  29.31  dynes 

at  1 1.2**. 
=  (1.243  X  22.75  X  0.85)  -f  0.72  =  24.75  dynes  at 
46.0®. 

Y(Mv)^  =  (78/0.8871)!  X  29.31  =  575.1  ergs  at  11. 2^ 
(78/0.8500)*  X  24.75  =  501.8    *•     **  46.o^ 

djyjAfv)^  ]   —  575»i— 5oi«B  —  j:!!  -  3  j^^^ 
dt  46.0 — 1 1.2  34.8 

The  value  assigned  to  the  constant  by  Ramsay  and  Shields  is 
2. 121,  from  which  the  constant  just  calculated  differs  by  only 
0.015 ;  hence  benzene  is  a  normal  liquid. 
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ACETONE. 

yziicAs+s*^  (1.022  X  27.75  X  0.7998)  +0.64  =  23.32  dynes 

at  I6.8^ 
(1.022  X  24.22  X  0.7656)  +  0.59  =  19.55  clyncs 
at  46.4®. 

y(Mv)^=  (58/0. 7998)'  X  23.32  =  406.1  ergs  at  16.8*. 
(58/0.7656)'  X  19.55  =  351.6     '*     •*  46.4^ 
dlrJAfv)^  ]  _  406.1  —  351-6   _  44^  _  J  g^^ 
dt  46.4  —  16.8  29.6 

The  smallness  of  this  constant  indicates  association  m  ace- 
tone. To  determine  the  amount  of  association,  we  multiply  the 
molecular  mass  Af,  by  a  factor  x,  which  represents  the  average 
number  of  simple  molecules  that  ha^re  coalesced  to  form  a  com- 
plex molecule.     The  calculation  is  as  follows  : 

^dliy  =  1.25  between  16.8°  and  46.4^ 

the  average  molecular  mass  throughout  this  range  of  tempera- 
ture is  accordingly  1.25  X  58=  73. 

The  apparatus  described  above  was  made  by  Walmsly,  Fuller 
&  Co.,  of  Chicago,  and  has  proven  satisfactory  in  every  detail. 
The  makers  inform  me  that  they  are  ready  to  furnish  the  appa- 
ratus provided  with  a  micrometer  screw  divided  according  to 
the  metric  as  well  as  the  English  system. 
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ON  THE  REACTION  BETWEEN  CARBON  TETRACHLORIDE 
AND  THE  OXIDES  OF  NIOBIUM  AND  TANTALUfl. 

By  M.  Dblafontaine  and  C.  £.  Linebarger. 
Received  Apnl  ao.  i<96. 

EUG.  DEM  ARC  AY'  states  that  if  the  vapor  of  carbon  tetra- 
chloride be  passed  over  the  oxide  of  niobium  or  of  tan- 
talum heated  below  redness,  the  metallic  oxides  are  converted 
into  chlorides.  *'  Dans  le  cas  de  Tacide  niobique.  la  reaction  se 
produit  d^ja,  bien  qu*  avec  lenteur  &la  temperature  de  la  naph- 
thalene bouillante  (280"*)  et  avec  une  extreme  rapidit^^  440*"* 
Now  the  chlorides  of  these  rare  elements  enter  into  reaction 

1  Compt.  Rend.,  X049  "!•  ^^^7- 
s  Loc.  cit. 
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very  readily,  and  may  serve  ^  the  starting  points  for  numerous 
syntheses.  Demarcay's  statements  led  us  to  believe  that  the 
reaction  in  question  would  furnish  a  rapid  method  of  obtain- 
ing these  chlorides  in  quantity  with  comparative  ease.  On 
making  use  of  the  method,  however,  we  found  that  the  reaction 
does  not  take  place  in  just  the  way  indicated  by  Demarcay .  We 
will  first  communicate  our  results  obtained  with  niobic  acid. 

We  used  niobic  pentoxide  obtained  from  recrystallized  potas- 
sium oxyfluosalt  resulting  from  treatments  of  samarskite.  The 
salt  was  decomposed  in  the  usual  way  by  sulphuric  acid,  boiled 
with  water,  and  the  residue  ignited  at  strong  red  heat  to  expel 
the  last  traces  of  sulphuric  acid. 

The  oxide  was  placed  in  one  end  of  a  piece  of  hard  glass 
tubing,  constricted  in  several  places  (Fig.  i),  and  the  tube  was 
heated  in  the  vicinity  of  the  oxide  in  a  combustion  furnace  to 


Cb 


-JL- 


'4 


3oo''-4oo**.  When  the  vapor  of  carbon  tetrachloride  was  passed 
over  the  heated  oxide,  a  reaction  occurred  immediately,  and  a 
yellowish  white  sublimate  condensed  in  the  cooler  parts  of  the 
tube.  If  the  oxide  employed  was  quite  pure,  almost  the  totality 
of  it  could  be  converted  into  the  volatile  product.  By  careful 
application  of  heat  it  was  possible  to  drive  the  sublimed  sub- 
stance into  the  further  portions  of  the  tube  ;  it  was  then  seen 
that  the  sublimate  could  be  separated  into  two  main  portions,  a 
more  volatile  one  of  a  yellow  color,  and  a  less  volatile  one  of  a 
nearly  white  color.  The  properties  of  the  yellow  product  were 
those  of  the  pentachloride  of  niobium,  while  the  properties  of 
the  whitish  portion  agreed  with  those  of  the  oxychloride  of 
niobium;  By  far  the  larger  portion  of  the  product  of  the  reac- 
tion consisted  of  the  oxychloride.  The  action  of  carbon  tetra- 
chloride on  niobic  acid  seems  to  yield  principally  the  oxychlo- 
ride of  niobium  as  the  solid  product ;  of  the  gaseous  products 
formed,  phosgene  seemed  to  predominate. 
It  was  thought  that  possibly  the  presence  of  even  a  slight 
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amount  of  air  might  exercise  an  oxidizing  influence  upon  the 
pentachloride  at  the  moment  of  its  formation,  converting  it  into 
the  oxychloride.  We  accordingly  carried  out  the  same  experi- 
ment in  an  atmosphere  of  carbon  dioxide,  but  could  not  see  that 
the  proportion  of  the  pentachloride  was  at  all  increased. 

Again  it  was  considered  that  the  relative  amount  of  the  penta- 
chloride might  be  made  greater  by  allowing  the  reaction  to  take 
place  in  an  atmosphere  of  chlorine,  but  even  under  such 
conditions  the  principal  product  was  found  to  be  the  oxychloride. 

We  conceive  then  that  the  main  reaction  of  carbon  tetra- 
chloride and  niobic  pentoxide  may  be  represented  by  the 
equation 

3CCI,  +  NbA  =  2NbO.Cl,+  3COCI,, 
which  illustrates  again  the  tendency  that  niobium  has  to  enter 
into  combination  as  niobyl. 

We  have  prepared  a  considerable  quantity  of  niobyl  chloride 
according  to  the  above  reaction,  and,  after  numerous  experi- 
ments, have  adopted  the  following  method  of  conducting  the 
operation : 

A  tube  of  the  shape  indicated  in  the  figure  is  prepared  and 
filled  with  niobic  pentoxide  between  A  and  B.  As  the  chlorine 
compounds  of  niobium  are  quite  voluminous,  care  has  to  be 
taken  not  to  employ  too  much  of  the  oxide ;  we  found  that  for 
a  tube  of  about  two  cm.  bore  and  having  a  length  of  about  forty 
cm.  between  A  and  B,  ten  to  fifteen  grams  could  be  taken.  The 
tube  is  placed  in  a  combustion  furnace  and  the  portion  in  the 
vicinity  of  the  oxide  heated  to  about  400*.  A  current  of  dry 
carbon  dioxide  is  now  passed  through  the  tube  to  dry  it  thor- 
oughly and  expel  the  air.  The  constrictions  at  B  and  Care 
heated  nearly  to  redness  to  prevent  their  becoming  stopped  up, 
and  carbon  tetrachloride  is  gently  distilled  over  upon  the  nio- 
bium compound.  It  is  advisible  to  discontinue  the  current  of 
carbonic  acid  by  pinching  the  delivery  tube  together  at  H, 
since  often  the  pressure  of  the  tube  becomes  sufficient  to  throw 
the  acid  out  of  the  generator.  In  the  early  stages  of  the  opera- 
tion, there  occurs  a  transportation  of  substance  in  such  a  fine 
state  of  division  that  it  is  carried  clear  through  the  tube ;  in 


CARBON  TETRACHI^ORIDB.  535 

order  to  prevent  its  entering  the  wash  bottle  containing  sul- 
phuric acid,  and  connected  at  F,  a  little  glass  wool  or  asbestos 
fiber  is  packed  around  the  .end  of  the  tube  in  E.  When  BC 
becomes  nearly  filled  with  the  products  of  the  reaction,  it  is 
heated  to  a  temperature  just  sufficient  to  volatilize  the  penta- 
chloride,  which  may  then  be  driven  over  into  CD,  leaving 
almost  pure  oxychloride  in  B  C.  When  the  reaction  is  at  an 
end,  no  more  carbon  tetrachloride  is  passed  into  the  tube,  but 
the  current  of  carbon  dioxide  is  again  sent  through  it  in  order  to 
aid  in  the  separation  of  the  pentachloride  from  the  oxychloride 
of  niobium.  Any  carbon  tetrachloride  that  may  have  condensed 
in  CD  is  driven  over  into  E,  and  B  C  and  CD  are  so  heated 
that  the  pentachloride  passes  through  the  constriction  C  and 
condenses  just  in  front  of  D,  While  it  is  possible  to  drive 
almost  all  of  the  pentachloride  out  oi  BC  and  thus  to  obtain 
almost  pure  oxychloride,  there  is  always  a  not  inconsiderable 
portion  of  the  latter  compound  that  finds  its  way  into  CD, 

In  several  experiments  we  found  that  a  small  quantit}'  of  an 
orange-colored  sublimate  collected  at  the  further  end  of  CD, 
which  circumstance  proves  that  this  substance  is  more  volatile 
than  the  pentachloride  of  niobium.  H.  Rose'  also  observed  the 
formation  of  such  a  colored  product  when  he  was  engaged  in  the 
investigation  of  chlorine  on  an  intimate  mixture  of  charcoal  and 
tantalic  acid.  He  found  that  if  the  acid  employed  contained 
**nur  die  geringste  Spur  von  Wolframsaure,  so  zeigt  sich  bei 
der  Darstellung  des  Chlorids  eine  sehr  kleine  Menge  von  einem 
rothem  Chloride,  das  etwas  fliichtiger  als  das  Tantalchlorid  ist." 
The  compound  is  probably  the  oxytetrachloride  of  tunjg^sten,  its 
formation  being  due  to  a  slight  contamination  of  our  niobic  acid 
with  a  tungsten  compound. 

When  we  passed  the  vapor  of  tetrachloride  over  tantalic  acid, 
no  reaction  took  place  at  a  lower  temperature  than  400^,  when  a 
small  amount  of  volatile  substance  was  formed,  which  soon 
ceased,  however.  Even  on  heating  to  a  temperature  high  enough 
to  cause  the  Bohemian  glass  tube  to  soften,  we  did  not  obtain 
any  more  of  the  sublimable  product.  The  tantalic  oxid  turned 
yellow  and  assumed  a  pasty  condition.     It  is  probable  that  the 

1  Ann.  chem.  phys„  Pbgg.^  99,  75,  t%ffi. 
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sublimed  substance  consisted  of  the  chlorine  compounds  of 
niobium,  since  it  is  quite  possible  that  our  tantalic  oxid  was  not 
entirely  free  from  an  admixture  of  niobic  oxid.  This  behavior 
suggests  a  method  of  purification  of  tantalic  acid  containing  a 
little  niobic  acid  ;  we  will  not  lay  much  stress  on  this,  however, 
until  we  have  done  more  work  on  the  subject. 

The  readiness  with  which  niobium  oxychloride  was  formed  in 
all  our  experiments  contrasting  with  the  comparatively  small 
quantity  of  the  pentachloride  obtained  illustrates  once  again  the 
great  inclination  niobium  has  to  enter  into  combination  not  as 
an  individual  element,  but  in  the  form  of  the  radical  niobyL  The 
action  of  sulphur  and  chlorine  on  NbO,  investigated  by  Delafon- 
taine,  the  numerous  series  of  oxyfluo-salts  prepared  b}'  Marig- 
nac,  and  the  decomposition  of  niobyl  chloride  by  magnesium 
are  other  facts  of  the  same  import.  In  this  respect  the  analogy 
of  niobium  aud  vanadium  is  very  striking,  but  it  is  almost 
entirely  lacking  in  niobium  and  tantalum. 


THE  CHEniCAL  NATURE  OF  DIASTASE/ 

SECOND    PAPER. 
Bv  Thomas  B.  Osborne  and  George  F.  CAMPBF.Lr.. 

Received  M.xy  15.  t8g6. 

In  a  former  paper,  by  one  of  us,*  the  results  of  .some  attempts  to 
isolate  diastase  have  been  detailed.  This  work  has  been  con- 
tinued, but  as  yet  no  preparations  of  diastase  have  been  realized 
more  active  than  those  there  described.  The  results  given  in  the 
former  paper,  however,  have  been  confirmed,  and  details  of  the 
process  for  obtaining  highly  active  diastase  have  been  determined 
more  exactly. 

Here  follows  a  concise  account  of  this  later  work  so  far  as  it 
is  worth  placing  on  record. 

Fifteen  kilograms  of  fine  ground  malt  were  treated  with  thirt\' 
liters  of  five  per  cent,  sodium  chloride  brine,  and  after  standing 
some  time,  with  frequent  stirring,  the  extract  was  pressed  out 
and  filtered,  yielding  sixteen  liters  of  clear  filtrate.  The  meal 
residue  was  again  treated  with  fifteen  liters  of  five  per  cent,  brine 

1  From  the  Report  of  the  Connecticut  Agricultural  Experiment  Station  for  rS9S- 

3  Highteenth  Aunual  Report  of  this  Station,  pp.  192-207 :  J.  Am.  Chem.  S<k.,  17, 52>7-^.i- 
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and  fifteen  liters  more  of  clear  extract  obtained.  The  united 
solutions  were  then  saturated  with  ammonium  sulphate  and  the 
precipitate  filtered  out,  dissolved  in  brine  and  filtered  perfectly 
clear.  This  liquid  was  saturated  with  ammonium  sulphate,  the 
precipitate  was  suspended  in  two  liters  of  water  and  dialyzed 
two  days.  The  ammonium  sulphate  which  adhered  to  the  pre- 
cipitate, at  first  prevented  solution  of  the  substance,  but  after 
two  days  enough  sulphate  was  removed  by  dialysis  to  allow  the 
proteid  to  dissolve.  The  solution  was  filtered  clear  and  dialyzed 
seven  days  longer.  The  globulin  thus  precipitated  was  filtered 
out  and  the  solution,  which  measured  5800  cc,  was  dialyzed  in- 
to an  equal  volume  of  alcohol  of  0.86  sp.  gr.  for  eighteen  hours. 
The  precipitate,  VI /  was  filtered  out  and  the  solution,  which 
then  measured  3500  cc,  was  again  dialyzed  into  an  equal  volume 
of  alcohol  of  0.86  sp.  gr.  for  eighteen  hours  yielding  precipitate  VII. 
The  filtrate  from  VII  measured  2700  cc.  and  was  dialyzed  into 
an  equal  volume  of  alcohol  of  0.86  sp.  gr.  for  eighteen  hours, 
giving  precipitate  VIII,  the  filtrate  from  which  measured  2000  cc. 
and  was  dialyzed  into  2500  cc.  of  alcohol  of  0.82  sp.  gr.  for  eighteen 
hours.  This  gave  precipitate  IX,  the  filtrate  from  .  which 
measuring  1800  cc.  was  dialyzed  into  twice  its  volume  of  alcohol 
of  0.81  sp.  gr.,  giving  precipitate-  X.  The  solution  filtered  from 
X  was  then  treated  with  absolute  alcohol  until  nothing  further 
separated,  giving  precipitate  XI. 

These  six  fractions  were  all,  separately,  treated  with  water ; 
X  and  XI  dissolved  completely,  the  others  partially .  The  aqueous 
solutions,  filtered  clear,  containing  the  proteoses  and  albumin  of 
the  six  fractions,  were  then  separately  dialyzed  into  water,  to 
remove  all  freely  diffusible  substances  and,  as  no  globulin  was 
precipitated  from  any  of  them,  the  dialyzers  were  transferred  to 
alcohol,  in  order  to  concentrate  their  contents,  and  absolute 
alcohol  was  finaly  added  until  the  proteids  were  completely 
thrown  down. 

In  this  way  six  preparations  were  obtained,  which,  when 
dehydrated  with  absolute  alcohol  and  dried  over  sulphuric  acid, 
weighed  respectively,  18,  1.37  gram;   19,   1.47  gram;  20,  4.05 

iThe  precipitates  and  preparations  described  in  this  paper  are  numbered  cousec- 
atively  with  those  specified  in  the  former  article  on  Diastase  :  This  Journal.  17.  587. 
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grams  ;  21,  4.82  grams  ;  22,  2.17  grams  ;    and  [23,  0.63  gram. 

The  disastatic  power  of  these  preparations  was  determined  in 
the  manner  described  in  the  former  paper/  and  found  to  be  as 
follows  :  18  —  o;  19  =  60;  20^  300  ;  21  =  300  ;  22,  trace, 
and  23  =  o. 

It  will  be  noticed  that  nearly  all  the  enzyme  was  thrown  down 
in  fractions  8  and  9,  which  gave  preparations  20  and  21.  These 
w*ere  but  half  as  active  as  preparation  15,  described  in  the  for- 
mer paper. 

In  order  to  purify  this  diastase,  20  and  21  were  united,  dis- 
solved in  100  cc.  of  water,  the  insoluble  matter  filtered  out  and 
washed  with  thirty-five  cc.  of  water  (these  first  washings  being 
added  to  the  filtrate),  then  with  more  water,  and  finally  with 
absolute  alcohol.  Dried  over  sulphuric  acid,  this  preparation, 
24,  weighed  0.23  gram.  The  filtrate  and  first  washings  from  24 
were  treated  with  200  cc.  of  alcohol  of  0.885  sp.  gr.,  making  a 
solution  containing  36.5  per  cent,  of  alcohol.  A  small  precipi- 
tate resulted,  25,  which  when  filtered  out  and  dried  over  sul- 
phuric acid,  weighed  0.25  gram,  and  had  a  diastatic  value  of 
15.  The  filtrate  from  this  precipitate  was  mixed  with  160  cc.  of 
alcohol  of  0.84  sp.  gr.,  raising  the  per  cent,  of  alcohol  to  50.7, 
and  the  precipitate,  26,  thus  produced  when  dried  as  nsnal 
weighed  2.35  gram  and  had  a  diastatic  value  of  86.  To  the  fil- 
trate from  26,  100  cc,  of  alcohol  of  0.84  sp.  gr.  and  100  cc.  of 
absolute  alcohol  were  added,  raising  the  alcohol-content  to  61.6 
per  cent.  The  precipitate,  27,  which  resulted,  was  filtered  out, 
weighed  2.87  grams  and  had  a  diastatic  value  of  600,  just  twice 
that  of  20  and  21,  from  which  it  had  been  derived,  and  just 
equal  to  that  of  the  most  active  preparation,  15,  of  the  former 
paper.  To  the  filtrate  200  cc.  of  absolute  alcohol  were  added, 
giving  a  precipitate,  28,  which  weighed  i.oo  gram  and  had  a 
diastatic  value  of  100. 

The  filtrate  from  28  mixed  with  200  cc.  more  of  absolute  alco- 
hol, gave  a  precipitate,  29,  which  weighed  0.40  gram  and 
showed  only  a  trace  of  disastatic  power.  The  filtrate  from  29, 
mixed  with  400  cc.  of  absolute  alcohol,  yielded  0.17  gram  of 
substance,   30,  that  was  totally  inactive,  and  the  filtrate  from 

1  Report  of  Conn.  Expt.  Station  for  1894,  p.  194  \  J.  Am.  Chem.  Soc.,  17,  587. 
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this  when  evaporated  to  dryness  left  a  residue  weighing  0.65 

The  results  of  this  experiment  showed  that  little  diastase  was 
precipitated  by  bringing  the  alcohol-content  of  the  malt  extract 
to  fifty  per  cent,  by  weight,  while  nearly  all  the  diastase  was 
thrown  down,  under  the  conditions  described,  when  the  propor- 
tion of  alcohol  in  the  malt  extract  was  made  sixty  per  cent. 

In  order  to  still  further  concentrate  or  purify  the  diastase  con- 
tained in  precipitate  27,  this  was  treated  with  100  cc.  of  water 
and,  without  filtering  from  the  substance  which  had  been  coag- 
ulated by  precipitation  and  drying,  100  grams  of  absolute  alco- 
hol were  added.  The  precipitate  so  produced  was  filtered  out 
and  extracted  with  water.  The  insoluble  matter,  after  washing 
and  drying,  weighed  0.50  gram.  The  aqueous  filtrate,  from 
this  insoluble  matter,  was  then  completely  precipitated  with 
absolute  alcohol  and  0.45  gram  of  substance,  31,  obtained  hav- 
ing a  diastatic  value  of  200.  The  solution,  filtered  from  the 
first  precipitate,  produced  by  adding  an  equal  weight  of  alcohol 
to  the  solution  of  27,  as  just  described,  was  mixed  with  enough 
absolute  alcohol  to  raise  this  ingredient  to  fifty  per  cent.,  and  the 
substance  thereby  thrown  down,  32,  weighed,  when  dry,  one 
gram,  and  had  a  diastatic  value  of  400.  The  filtrate  from  32 
was  completely  precipitated  with  absolute  alcohol  and  yielded 
two- tenths  gram  of  inactive  proteid.  It  is  thus  seen  that  the 
diastase  instead  of  increasing  in  power  under  this  treatment 
declined  to  two-thirds  of  its  original  in  activity. 

Having  thus  learned  more  exactly  the  conditions  under  which 
diastase  may  be  so  far  separated  from  the  other  malt  proteids, 
an  attempt  was  made  to  prepare  a  large  quantity  of  material 
with  which  to  carry  the  purification  farther.  Through  the  kind- 
ness of  Mr.  C.  Von  Bggloffstein,  of  the  Maltine  Manufacturing 
Company,  at  Yonkers,  N.  Y.,  a  considerable  supply  of  malt 
extract,  rich  in  diastase,  was  placed  at  our  disposal.  For  this 
favor  and  much  information  respecting  malt  extracts,  we  wish 
to  express  our  especial  thanks. 

One  gallon  (3,785  cc.)  of  this  malt  extract,  which  had  been 
concentrated  at  a  low  temperature  in  vacuo  until  it  contained 
about  fifty  per  cent,  of  solid  matter,  was  dialyzed  into  water  for 
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forty-eight  hours,  whereby  a  large  part  of  the  sugar  was  removed 
and  a  thin  liquid  remained.  This  was  saturated  with  ammo- 
nium sulphate  and  the  precipitated  proteids  were  filtered  out,  sus- 
pended in  water  and  dialyzed  for  five  days.  To  the  liquid  con- 
tents of  the  dialyzer,  filtered  clear  from  insoluble  matters,  alco- 
hol was  added  to  make  fifty  per  cent,  of  the  resulting  mixture. 
This  threw  down  a  precipitate  which  was  filtered  out,  dehydra- 
ted with  absolute  alcohol,  and  dried  over  sulphuric  acid. 

This  white,  easily-powdered  precipitate,  XII,  weighed  ninet}-- 
five  grams.  One-half  of  it  was  insoluble  in  water  and  salt  solu- 
tion. By  extraction  with  water  and  precipitation  with  alcohol, 
added  first  to  fifty  per  cent,  and  afterward  to  sixty  per  cent., 
two  preparations,  33  and  34,  resulted,  weighing  respectively 
4.85  grams  and  7.21  grams,  that  had  little  diastatic  power. 

The  solution  from  which  the  first  precipitate,  XII,  had  been 
separated  was  treated  with  enough  alcohol  to  make  seventy-five 
percent.,  and  the  resulting  precipitate,  XIII,  filtered  out  and 
found  to  weigh,  when  dried  over  sulphuric  acid,  seventy  grams. 
This  precipitate  included  the  chief  part  of  the  diastase  of  this 
extract.  It  dried  to  a  light,  dusty  powder  of  pale  straw  yellow 
color,  almost  entirely  soluble  in  water  and  had  a  diastatic  value 
of  200. 

XIII  was  dissolved  in  water  and  fractionally  precipitated,  but, 
for  some  unknown  reason,  the  resulting  fractions  were  almost 
entirelv  inactive. 

In  another  attempt  to  make  a  large  quantity  of  diastase,  three 
gallons  (11.4  liters)  of  the  highly  concentrated  malt  extract 
were  mixed  with  half  their  weight  of  water  and  enough  alcohol 
to  make  a  mixture  containing  forty-six  per  cent,  of  alcohol.  A 
very  large  precipitate,  XIV,  resulted,  which  was  filtered  out, 
and  as  it  consisted  almost  entirely  of  insoluble  matter  (probably 
globulin),  it  was  not  further  examined. 

The  filtrate  from  precipitate  XIV  was  treated  with  alco- 
hol, raising  the  strength  to  sixty  per  cent ;  the  precipitate  so 
produced  was  filtered  out  and,  as  it  contained  a  large  amount  of 
sugar,  it  was  dissolved  in  about  five  liters  of  water,  the  result- 
ing solution  was  saturated  with  ammonium  sulphate,  the  pre- 
cipitate filtered  out,  suspended  in  one  liter  of  water  and  dialyzed 
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for  five  days.  The  precipitate  in  the  dialyzerwas  filtered  out 
and  the  clear  solution  was  treated  with  alcohol  sufficient  to 
make  fifty  per  cent,  of  the  resulting  mixture,  but  as  only  a  little 
substance  separated,  the  amount  of  alcohol  was  increased  to 
sixty  per  cent.  This  threw  down  a  considerable  precipitate, 
XV,  which,  when  dehydrated  with  absolute  alcohol  and  dried 
over  sulphuric  acid,  weighed  fifty-seven  grams  and  had  a  dias- 
tatic  value  of  300. 

Numerous  attempts  were  made  to  obtain  from  portions  of  pre- 
cipitate XV,  by  fractional  precipitation  with  alcohol,  diastase  of 
greater  power  than  300,  but  without  success. 

Several  hundred  trials  were  made  with  the  object  to  determine 
precisely  the  influence  of  certain  conditions,  such  as  the  age  of 
the  diastase  solution,  and  of  certain  substances,  added  in  sys- 
tematically varied  quantities,  especially  sodium  chloride,  diso- 
dium  orthophosphate,  tripotassium  orthophosphate,  orthophos- 
phoric  acid,  acetic  acid,  and  citric  acid  (using  the  amount  of 
copper  reduction  as  the  measure  of  effect) ,  but,  while  the  results 
were  decisive  in  some  cases,  e,  g,,  citric  acid,  in  the  minutest 
quantities,  always  depressed  or  destroyed  diastatic  action,  in  the 
majority  of  instances,  no  such  uniform  results  were  attainable 
as  would  lead  to  safe  conclusions  in  regard  to  the  circumstances 
that  insure  a  high  degree  of  diastatic  activity. 

From  our  experience  in  testing  these  preparations  it  would 
seem  that  the  purer  the  diastase  is  made,  the  more  sensitive  it 
is  to  external  conditions,  and  that  the  method  of  testing  the 
purity  of  the  ferment  by  its  maltose-producing  power  thus 
becomes  of  uncertain  value  and  perhaps  fails  to  furnish  a  safe 
criterion  of  the  purity  of  the  enzyme.  That  the  proteid  is  not 
the  only  factor  involved  in  the  amylolytic  action  of  diastase  is 
indicated  by  the  great  influence  on  its  activity  that  often  accom- 
panies the  addition  of  various  substances  to  its  solution.  In 
view  of  these  facts  it  is  not  at  aU  improbable  that  in  thus 
attempting  to  purify  diastase  we  remove  some  substance  that 
favors,  or  is  essential  to  its  action,  and  that  we  may  have  in 
hand  what  may  be  properly  termed  the  enzyme  itself,  which  is 
feeble  in  its  operation  through  the  absence  of  deficiency  of  some 
accessory  substance.     Thus  the  addition  of  sodium  chloride  in 
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many  cases  increases  the  diastatic  action  several  fold.  That  the 
albumin  is  an  essential  factor  in  diastatic  action  could  not  be 
positively  proved »  but  the  results  of  further  experience  have 
tended  to  strengthen  this  belief.  Of  all  the  preparations  that 
we  have  made,  none  from  which  albumin  was  absent  showed 
amylolytic  power,  and  those  containing  the  most  albumin  were 
the  most  active.  It  was  always  possible  to  roughly  judge  of 
the  diastatic  power  of  a  preparation,  by  heating  a  portion  of  its 
solution  to  65°  C.  and  observing  the  amount  of  coagulum  formed. 
The  fact  that  active  diastase  was  obtained  only  from  solutions 
whose  alcohol  content  lies  between  fifty  and  sixty  per  cent.,  may, 
we  think,  be  regarded  as  probable  evidence  that  the  enzyme  is 
not  something  carried  down  mechanically  with  the  proteid. 
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AS  is  well  known,  water  extracts  a  considerable  quantity  of 
proteid  matter  from  ground  malt.  This  we  find  to  consist 
of  at  least  five  distinct  bodies,  namely,  a  globulin,  an  albumin 
and  three  proteoses.  Whether  true  peptones  are  present  was  not 
determined,  for  the  malt  extracts  are  so  strongly  colored  that  the 
biuret  test  entirely  fails.  Besides  the  proteids  soluble  in  water 
another  exists  that  may  be  taken  up  by  dilute  alcohol  (of  0.9 
sp.  gr.).  After  extracting  malt  with  saline  solutions  and  alco- 
hol, a  further  quantity  of  proteid  matter  remains,  the  nature  of 
which  we  have  not  been  able  to  determine. 

Malt-Globulin, — Ten  kilograms  of  air-dried  malt,  freshly  pre- 
pared by  ourselves  in  the  laboratory,  and  ground  to  a  fine  meal 
were  treated  with  twenty  liters  of  water  and,  after  standing  three 
hours,  were  squeezed  out  in  a  press  and  the  solution  filtered 
clear.  The  residual  meal  was  treated  with  eight  liters  more  of 
water  and  the  second  solution  was  pressed  out  and  filtered.  The 
united  solutions  were  saturated  with  ammonium  sulphate,  the 
precipitate  was  suspended  in  about  four  liters  of  water  and  dial- 
yzed  for  three  days,  when  it  dissolved,  with  the  exception  of  a 

s  Prom  the  Report  of  the  Connecticut  AffricnUurml  Experiment  StstioB  for  1899. 
Commo'nicated  by  the  ftothors. 
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slight  residue.  In  order  to  reduce  its  volume  and  separate  im- 
purities, the  filtered  solution  was  again  saturated  with  ammonium 
sulphate,  the  precipitated  substance  was  suspended  in  1500 
cubic  centimeters  of  water  and  dialj'zed  until  the  greater 
part  of  the  ammonium  sulphate  had  been  removed,  when  the  so- 
lution was  filtered  clear.  The  matters  now  remaining  undissolved 
were  treated  with  ten  per  cent,  salt  solution  to  extract  any  solu- 
ble globulin  which  might  have  been  deposited  during  dialysis, 
and  the  substance  not  taken  up  in  salt-solution  was  filtered  out. 
This  last  unquestionabb'  consisted  almost  entirely  of  insoluble 
globulin,  but  as  it  separated  from  an  unfiltered  solution  and  was 
small  in  quantity  it  was  not  further  examined.  The  salt-solution 
was  then  dialyzed  free  from  chlorides,  and  the  globulin  thus  pre- 
cipitated was  filtered  out,  washed  with  alcohol  and  dried  over 
sulphuric  acid.  But  0.5  gram  of  substance  was  obtained  which, 
dried  at  no",  gave  0.93  per  cent,  of  ash  and,  reckoned  ash-free, 
15.70  per  cent,  of  nitrogen.     This  was  marked  preparation  i. 

The  solution  of  the  ammonium  sulphate  precipitate,  containing 
the  bulk  of  the  malt-proteid,  from  which  the  insoluble  matter 
yielding  preparation  i  had  been  filtered,  was  dialyzed,  first,  into 
water,  until  the  salts  were  mostly  removed,  and  then  into  an 
equal  volume  of  alcohol  of  0.84  sp.  gr.  for  forty-eight  hours.  The 
proteid  thus  precipitated  was  filtered  out  and  the  filtrate  was 
dialyzed  into  alcohol.  After  filtering  out  the  second  precipi- 
tate, the  filtrate  was  dialyzed  into  stronger  alcohol,  and  this  pro- 
cess was  repeated,  thus  depositing  the  proteids  in  four  fractions, 
a  fifth  being  obtained  by  adding  absolute  alcohol  to  the  remain- 
ing solution  as  long  as  anything  was  thrown  down.  Each  of 
these  five  fractions  was  then  treated  with  water  to  dissolve  albu- 
mins and  proteoses  and  the  resulting  solutions  were  dialyzed  in 
water  for  several  days.  The  first  four  fractions  were  but  partly 
soluble  in  water,  and  accordingly,  the  insoluble  parts,  after  wash- 
ing with  water,  were  treated  with  ten  per  cent,  sodium  chloride 
solution,  and  the  portion  which  in  each  case  remained  undissolved 
was  filtered  out,  washed  thoroughly  with  water  and  alcohol  and 
dried  at  no''  for  analysis.  The  four  saline  extracts  were  then 
dialyzed,  bnt  those  from  the  third  and  fourth  fractions  were 
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found  to  contain  only  trifling  quantities  of  proteids.  That  from 
the  second  fraction  gave  no  precipitate  of  globulin  on  dialysis, 
but  by  adding  alcohol  to  the  solution  0.49  gram  of  preparation  2 
was  obtained,  having  4.33  per  cent,  of  ash  and,  calculated  ash- 
free,  15.18  per  cent,  of  nitrogen.  The  sodium  chloride  extract 
from  the  first  fraction  gave  a  precipitate  on  dialysis  which,  after 
washing  with  water  and  with  alcohol,  weighed  one  and  two- 
tenths  grams,  3. 

The  filtrate  from  3,  by  precipitation  with  alcohol,  yielded  4, 
weighing  1.54  grams. 

After  extracting  the  four  fractional  precipitates  with  water  and 
with  salt  solution,  the  undissolved  residue,  in  each  case,  was 
washed  thoroughly  with  salt  solution,  with  water  and  with  alco- 
hol and  dried  over  sulphuric  acid,  giving,  in  the  order  named, 
preparation  5  weighing  eight  grams,  6  weighing  five  grams, 
7  weighing  2.87  grams,  and  8  weighing  nine- tenths  gram.  These 
preparations,  dried  at  1 10^,  had  the  following  composition : 

Mai«t-gi:x>buun,  Bynbdbstin. 


6.  7.  8. 


Carbon....  53"  53-58  53.55  53.51  53.25  53.42 

Hydrogen.  6.45  6.70  7.01  6.75  ....  7.15 

Nitrogen..  15.78  15.86  15.87      15.72  15.87  16.12  16.65 

Sulphur  )  ^^  86  '-^3  i."  1.38  K,   g 

Oxygen    J  22.49  22.75  ^ 


100.00    100.00  100.00  100.00 

Ash 0.75        1.43  1.09       0.66       0.55        0.24 

Preparations  5  and  6  have  the  same  composition  as  the  glob- 
ulin 3  and  4  obtained  from  the  sodium  chloride  extracts  of  the 
fractional  precipitates,  while  3  contains  nearly  one  per  cent,  more 
nitrogen,  and  as  will  be  seen  later,  has  nearly  the  same  composi- 
tion as  malt  albumin  and  is  unquestionably  for  the  most  part 
albumin  coagulated  by  the  action  of  the  alcohol.  7  appears  to 
be  a  mixture  of  coagulated  globulin  and  albumin.  In  a  similar 
manner  three  other  preparations  of  the  coagulated  globulin  9, 10 
and  1 1  were  obtained  from  another  lot  of  malt. 
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Mali^i^obuzjn,  Bynkdbstin. 

9                                               10  12 

Carbon 52.90                     52.99  53.15 

Hydrogen 6.74                       6.64  6.52 

Nitrogen 15.33                      I5-3I  ^S-^i 

Sulphur i.i7\                   ,^^  (   1.47 


S}      «■<«      { 


Oxygen  23.86  J  (23.05 

100.00  100.00  100.00 

Ash 0.44  0.32  0.23 

Preparations  9  and  10  are  lower  in  carbon  and  nitrogen  than 
those  just  described,  probably  because,  having  been  prepared 
in  a  smaller  quantity,  they  carried  down  a  larger  proportion  of 
impurities  when  thrown  out  of  solution  by  alcohol. 

Prom  a  malt  extract  that  had  been  concentrated  in  vacuo  at  a 
low  temperature,  for  which  we  are  indebted  to  Mr.  C.  von  Egloff- 
stein,  alcohol,  added  to  make  forty-six  per  cent,  by  weight  of  the 
mixture,  threw  down  a  large  quantity  of  coagulated  globulin 
that  was  not  further  examined,  the  filtrate  from  which,  on 
increasing  the  content  of  alcohol  to  sixty  per  cent.,  gave  a  second 
precipitate  that  was  largely  soluble  in  water.  It  was  accordingly 
mixed  with  water  and  with  ammonium  sulphate  in  excess,  and  the 
substance  thus  thrown  down  was  suspended  in  a  liter  of  water 
and  dialyzed  for  five  days.  The  insoluble  residue  in  the  dialyzer, 
when  washed  with  water  and  alcohol,  gave  preparation  12, 
weighing  26.78  grams.  Prom  this  same  extract  by  fractional 
precipitation  with  alcohol  another  small  preparation  of  coagula- 
ted globulin,  13,  was  obtained. 

Summary  of  Analysbs  op  Mai^t-Gi^obuun,  Bvnbdestin. 

123  456 

Carbon 53.11  53.58  53.55  53.51 

Hydrogen  ...  6.45  6.70  7.01             6.75 

Nitrogen  ....  15.70  15.18         15.78  15.86  15.72  15.87 

Sulphur -v  • ..  1.23             1. 12 

>■ . . .  24.66  23.86 

Oxygen  J  ...  22.49  22.75 

100.00  100.00         100.00         100.00 
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9  10  zi  13                    13 

Carbon 52.90  52.99  53.15  53.04           52.96 

Hydrogen  ...                      6.74  6.64  6.52  6.57             6.83 

Nitrogen 15.33  15.31  15.81  15.94           15.96 

Sulphur \  ...                      1. 17  1.47 

>...  25.06 

Oxygen  )  ..•                    23.86  23.05  23.61  24.25 


100.00        100.00*  100.00  100.00        100.00 

Although  considerahle  differences  exist  among  these  analyses, 
they  agree  with  each  other  as  well  perhaps  as  could  be  expected 
considering  the  difficulty  of  preparing  the  substance  in  a  state  of 
purity. 

Whether  other  globulins  occurred  in  the  malt  could  not  be 
determined  by  fractional  precipitation  owing  to  the  small  total 
quantity  of  globulin  present. 

The  malt  residue  remaining  after  extracting  with  water,  in  the 
case  first  described,  was  treated  with  ten  per  cent,  salt  solution 
and  the  clear  filtered  liquid  was  dialyzed  until  free  from  chlo- 
rides. The  precipitated  globulin  was  filtered  out,  washed  with 
water  and  alcohol  and  dried  over  sulphuric  acid.  This  prepara- 
tion, 14,  weighed  4. 12  grams  and  had  the  following  composition  : 

Malt-Globulin,  Bynbdbstin. 

14 

I.  II.  Average. 

Carbon 52.94  52.78  52.86 

Hydrogen 6.87  6.79  6.83 

Nitrogen 16.16  16.18  16.17 

Sulphur 1. 14  1. 14 

Oxygen 23.00 

100.00 
Ash 0.96 

It  is  to  be  noted  that  the  carbon  is  a  little  lower  and  the  nitro- 
gen higher  than  the  average  of  the  figures  previously  obtained. 
This  is  perhaps  due  to  presence  of  a  little  edestin/  the  globulin  of 
ungerminated  barley.  Edestin  is  not  readily  soluble  in  dilute 
saline  solutions,  such  as  are  formed  ontreatingseeds  with  water, 
and,  if  occurring  in  the  malt,  ought  to  be  present  in  the  salt 
extract  of  the  meal  after  it  has  been  exhausted  with  water. 

1  Annual  Report  of  Conn.  Agr.  Bxpt.  Station  for  1894,  p.  17a,  and  Journal  of  Ameri- 
can Chemical  Society,  17.  545- 


THB  PROTEIDS  OF  MAW.  547 

Owing  to  the  incomplete  extraction  with  water,  the  preparation 
obtained  in  this  case  should  be  a  mixture  of  the  two  globulins, 
if  both  are  present.  Edestin  can  only  occur  in  extremely  small 
quantity  in  malt,  since  but  4.12  grams  of  globulin  were  obtained 
by  extracting  ten  kilograms  of  malt  with  salt  solution  after 
treatment  with  water,  and  most  of  this  consisted  of  the  more  sol- 
uble globulin  first  described.  It  is  interesting  to  note  the  prac- 
tically complete  disappearance  of  edestin  during  germination 
and  the  formation  of  the  more  soluble  globulin  with  three  per 
cent,  less  nitrogen  and  two  per  cent,  more  carbon.  It  is,  of 
course,  not  demonstrated  that  the  malt  globulin  is  derived  from 
edestin,  but  that  the  proteids  undergo  extensive  changes  before 
conversion  into  proteoses  and  peptones  is  very  evident. 

When  dissolved  in  considerable  quantity  in  salt  solution, 
bynedestin  is  precipitated  by  water,  is  not  precipitated  by  satu- 
ration with  sodium  chloride,  and  but  partly  by  saturation  with 
magnesium  sulphate.  With  the  biuret  test  it  gives  a  violet 
color.  Dissolved  in  ten  per  cent,  sodium  chloride  solution  and 
heated  to  65**,  a  turbidity  is  produced  which  increases  to  flocks 
at  84**.  The  coagulum  gradually  augments  as  the  temperature 
rises  but,  after  heating  to  100°,  the  filtrate  from  the  coagulum 
yields  an  abundant  precipitate  on  adding  dilute  hydrochloric 
acid.  The  solution  in  ten  per  cent,  sodium  chloride  brine  gives 
a  precipitate  with  acetic  acid  which  is  soluble  in  an  excess  of 
the  acid.  These  reactions  show  that  this  body  is  in  no  sense  a 
proteose,  but  has  characters  common  to  plant  globulins.  Byne- 
destin formed  about  sixty  per  cent,  of  the  total  water-soluble 
proteid  matter  in  the  malt  extract  first  described  in  this  paper. 
Out  of  a  total  of  33.27  gram  of  proteid  recovered  in  the  different 
preparations  from  10,000  grams  of  malt,  19.88  grams  consisted  of 
bynedestin. 

Malt  Albumin^  Leucosin. — Under  the  name  leucosin,  one  of 
us  has  described  an  albumin  occurring  in  small  quantity  in  the 
seeds  of  wheat,  rye  and  barley.  In  the  aqueous  malt-extracts 
an  albumin  is  found  identical  with  leucosin  in  properties  and 
composition.  As  stated  in  previous  papers,  this  albumin  is  so 
intimately  associated  with  diastatic  action  as  to  make  probable 
that  it  is  either  diastase  itself  or  an  essential  factor  in  diastatic 
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amylolysis.  In  attempts  to  fractionally  separate  malt-leucosin 
from  the  associated  pn>teids»  many  preparations  have  been  made 
which  are  mixtures  of  lencosin  with  proteose.  In  several  cases 
these  mixtures  have  been  analyzed  and  have  so  nearly  the  com- 
position of  leucosin  as  to  make  certain  that  one  of  the  proteoses 
of  malt  has  very  nearly  the  same  ultimate  composition  as  the 
albumin.  Analyses  of  these  mixtures  may  therefore  be  taken 
to  represent  the  composition  of  either  of  these  proteids. 

In  the  extraction  first  described  in  this  paper,  two  prepara- 
tions, 15  and  i6,  of  albumin  coagulated  by  alcohol,  wereobtained 
from  solutions  out  of  which  the  globulin  had  been  precipitated 
by  alcohol.  If,  as  is  invariably  assumed,  proteose  cannot  be 
rendered  insoluble  by  contact  with  alcohol,  these  preparations 
may  be  taken  to  represent  the  composition  of  malt  albumin. 
Their  composition  is  here  compared  with  that  of  leucosin  coagu- 
lated by  heat. 

LSUCOSZN. 

Wlicftt,  TTC  and 

» ^Malt. bariey. 

IS  i6 


Carbon S3-a3  5^-90  5*-93 

Hydrogen 6.64  6.79  6.S0 

Nitrogen 17.00  16.41  16.70 

S°»P»"" \  13.13  ,3.90  »-37 

Oxygen *  22.ao 

100.00  100.00  100.00 

Ash 0.84  0.55 

The  following  figures  give  the  composition  of  prepaiations 
derived  from-  three  different  samples  of  malt.  These  were  all 
obtained  by  precipitating  the  proteids  with  ammonium  sulphate, 
dissolving  the  precipitates  in  water,  dialyzing  away  the  gieater 
part  of  the  salt  and  fractionally  precipitating  the  solutions  with 
alcohol .  The  fractions  were  dissolved  in  water  as  far  as  possible, 
filtered  from  the  undissolved  globulin  and  the  aqueous  solutions 
dialyzed  for  several  days  in  water  and  then  in  alcohol.  The  pro- 
teids thus  precipitated  were  mixtures  of  proteose  and  albumin. 
It  will  be  noted  that  they  all  agree  fairly  well  with  one  another 
and  with  leucosin  in  composition .     Since  these  mixtures  contained 
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ft 

from  six  and  a  half  to  fifty  per  cent,  of  albumin,  it  is  evident  that 
the  two  proteids  have  a  very  similar  composition. 

Malt  Lbucosin  and  Protbosb. 

17  18  19  20  21  22  33  24 

Carbon 53.16    53.19    52.80    52.50    52.38    52.85    52.61    52.55 

Hydrogen    7.03      6,71      6.96      6.72      6.63      6.67 

Nitrogen 16.50    16.60    16.09    '^.lo    16.51     16.25     16.35    16.41 

f^^"" }    23.31       '-3*      '•«    24.68    24.48    24.23 

Oxygen  )  22.12    22.70 

100.00  100.00  100.00  100.00  100.00  100.00 
Ash 0.84      0.78      0.59      0.66      1.55      0.22      0.51 

The  preparatibus  containing  the  most  albumin,  when  dissolved 
in  water,  became  turbid  on  heating  to  50°  and  formed  floe- 
culent  coagula  at  58**.  By  saturating  their  solutions  with  mag- 
nesium sulphate  the  albumin  was  completely  thrown  out,  and 
together  with  it  much  of  the  proteose.  Saturating  solutions 
of  these  preparations  with  sodium  chloride,  gave  no  precipitate 
when  they  contained  but  little  albumin,  but  a  heavy  precipitate 
appeared  on  adding  acetic  acid  to  the  salt-saturated  solution. 
Solutions  of  the  preparations  containing  much  albumin  gave  pre- 
cipitates on  saturating  with  sodium  chloride. 

PROTEOSES  OF   MALT. 

The  proteose  associated  with  albumin  has  the  properties  of  a 
protoproteose^  since  it  is  readily  and  abundantly  precipitated 
from  its  salt-saturated  solution  on  adding  acetic  acid. 

When  malt  extract  is  fractionally  precipitated  with  alcohol  a 
considerable  quantity  of  proteose  is  thrown  down  before  the  albu- 
min, so  that  the  water-soluble  part  of  the  first  fraction  is  chiefly 
proteose.  The  proportion  of  albumin  in  the  precipitates  increases 
as  the  alcohol  is  made  stronger  up  to  the  point  where  it  is  all  pre- 
cipitated. At  this  stage  much  proteose  remains  dissolved  which 
behaves  differently  from  that  first  thrown  down .  A  large  quantity 
of  concentrated  malt  extract  was  precipitated  by  alcohol  added  to 
60  per  cent.,  and  after  filtering,  the  proportion  of  alcohol  was 
raised  to  seVenty-two  per  cent.  The  substance  thereby  precipi- 
tated, when  dried  over  sulphuric  acid ,  weighed  thirty-eight  grams . 
This  was  dissolved  in  water,  the  solution  was  heated  to  boiling, 
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the  coagulated  albumin  was  filtered  out  and  twenty  per  cent,  of 
sodium  chloride  added  to  the  solution.  This  caused  a  slight 
precipitate  which  was  evidently  the  alcohol-soluble  proteid,  to 
be  described  later.  The  filtrate  from  this  substance  was  then 
treated  with  a  little  acetic  acid,  which  produced  a  copious  pre- 
cipitate that  was  filtered  out  and  dissolved  in  water.  This  solu- 
tion, exactly  neutralized  with  sodium  carbonate  and  fully  satu- 
rated with  salt,  yielded  a  considerable  precipitate,  which  was 
filtered  out,  dissolved  in  water  and  dialyzed  free  from  chlorides. 

Avery  small  deposit,  consisting  of  minute  spheroids,  was  found 
in  the  dialyzer.  This  dissolved  readily  in  exceedingly  dilute  salt 
solution,  from  which  it  was  thrown  down  by  much  water.  On 
adding  nitric  acid  to  the  solution  of  this  substance  a  precipiate 
was  produced  that  dissolved  on  warming  and  reappeared  on  cool- 
ing, gave  a  clear  pink  biuret  reaction  and  was  precipitated  by 
copper  sulphate .  On  boiling  its  solution  not  even  a  turbidit>'  was 
produced.  Exceptfor  its  behavioron  heating,  this  substance  has 
all  the  reactions  of  a  heteroproteose.  The  amount  obtained  was 
exceedingly  small,  only  enough  for  the  above  reactions.  The 
solution  filtered  from  this  heteroproteoise  was  concentrated  by 
gently  boiling  over  a  low  flame. 

During  concentration  of  the  solution  filtered  from  the  hetero- 
proteose  a  coagulum  developed  as  a  film  on  the  surface  of  the 
liquid  and  sides  of  the  dish.  We  have  frequently  noticed  that 
plant  proteoses  from  various  seeds  coagulate  in  this  manner 
although  behaving  in  most  other  respects  like  typical  proteose. 
This  coagulum,  25,  filtered  out  washed  with  water  and  alcohol 
and  dried  over  sulphuric  acid,  weighed  0.29  gram  and  contained 
16.84  P^r  cent,  of  nitrogen. 

The  filtrate  from  25  was  precipitated  by  alcohol  and  gave  i  .45 
gram  of  26,  having  the  following  composition,  when  dried  at  no** : 

Malt  Protbosb,  26. 

I.  II.  Average. 

Carbon 50.61  50.64  50-63 

Hydrogen 6.72  6.61  •  6.67 

Nitrogen 16  69  16.69 

Oxygen / 

100.00 
Ash ....  1.29 
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As  will  be  remembered,  in  making  these  preparations,  25  and 
26,  the  proteose  was  precipitated,  first,  by  adding  acetic  acid  to 
the  solution  containing  twenty  per  cent,  of  salt  and,  second,  by 
dissolving  the  precipitate  thus  produced  in  water  and  saturating 
the  neutralized  solution  with  salt.  The  filtrate,  A,  from  thefirst, 
as  well  as  the  filtrate,  B,  from  the  second  precipitation,  still  con- 
tained proteose. 

A  was  therefore  neutralized  with  sodium  carbonate  and  satu- 
rated with  salt,  but,  as  no  precipitate  resulted,  acetic  acid  was 
added  as  long  as  any  proteid  was  thrown  down. 

6  was  treated  similarly  with  acetic  acid  and  the  two  precipi- 
tates thus  obtained  from  the  salt-saturated  solutions  were  col- 
lected on  the  same  paper  and  the  filtrates  were  united  and  marked 
C.  The  precipitates  were  dissolved  in  water,  the  solution  care- 
fully neutralized,  dialyzed  free  from  chlorides  and  then  concen- 
trated by  slow  boiling.  During  concentration  a  small  coagulum 
separated  which  was  filtered  out,  washed  with  water  and  alcohol 
and  dried  over  sulphuric  acid.  This  preparation,  27,  weighed 
0.22  gram  and  contained,  without  correcting  for  ash,  16.40  per 
cent,  of  nitrogen. 

An  excess  of  alcohol  was  added  to  the  filtrate  from  27,  and  the 
precipitate  produced,  after  treating  in  the  usual  manner,  gave 
1.49  gram  of  preparation  28,  which,  dried  at  110°,  had  the  follow- 
ing composition : 

Malt  Protbosb,  28. 

I.  II.  Average. 

Carbon 49*83  4987  49.85 

Hydrogen 6.69  6.64  6.67 

Nitrogen 16.00  ....  16.00 

^        '' >     ....  ....  27.48 

Oxygen J 

100.00 
Ash •  •  •  •  1 .54 

The  salt-saturated  filtrate,  C  from  which  27  and  28  had  been 
precipitated,  was  neutralized  and  dialyzed  until  much  of  the  salt 
had  been  removed,  then  concentrated  and  dialyzed  until  free 
from  chloride.  The  solution  was  finally  concentrated  to  small 
volume    and    precipitated    with    alcohol.     The    substance  so 
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obtained,  after  treating  as  usual,  weighed  6.25  grams  but  was 
found  to  contain  4.70  per  cent,  of  ash  and  only  8.91  per  cent,  of 
nitrogen,  reckoned  ash-free.  This  precipitate,  which  was 
expected  to  contsiin  deuierofiroUose,  evidently  included  much  non- 
proteid  matter. 

It  will  be  noticed  that  of  the  thirty-eight  g^ms  of  substance 
taken,  only  a  ver3''  small  part  was  recovered.  It  is  probable  that 
a  large  share  of  the  substance  (p.  550)  was  non-proteid,  and  also 
that  during  the  dialysis  much  proteose  was  lost  by  diffusion. 

Preparation  26  has  the  properties  of  a  protoproteose  and  may 
be  regarded  as  such.  Preparation  28  is  a  mixture  of  proto-  and 
deuteroproteose.  Pure  deuteroproteose  was  not  obtained,  ithav- 
ing  been  impossible  to  separate  the  non-proteid  substances  associ- 
ated with  it. 

It  thus  appears  that  at  least  two  protoproteoses  exist  in  malt, 
for  26  has  much  less  carbon  than  the  mixtures  of  proteose  and 
albumin,  17  to  24.  Preparation  17  contains  about  ninety-five 
per  cent,  of  proteose  and  has  53.16  per  cent,  of  carbon,  whereas 
26  has  only  50.63  per  cent,  of  carbon.  This  difference  can 
scarcely  be  due  to  non-proteid  impurities,  for  26  contains  even 
more  nitrogen  than  17.  According  to  the  definitions  now  ac- 
cepted, a  protoproteose  is  any  form  of  proteid  which  is  soluble 
in  pure  water,  uncoagulable  by  heat,  precipitable  by  saturation 
with  sodium  chloride,  and  gives  a  pink  biuret  reaction  and  a 
precipitate  with  nitric  acid  that  dissolves  on  warming  and  reap- 
pears on  cooling.  The  protoproteoses  obtained  by  artificial 
digestion,  usually  have  a  composition  varying  with  that  of  the 
proteids  from  which  they  are  derived,  and  the  proteoses  of  malt 
may  also  be  expected  to  differ  according  as  they  originate  from 
one  or  another  of  the  several  proteids  of  barley.  While  the  plant 
proteoses  resemble  the  digestive  proteoses  in  the  reactions  just 
specified,  some  of  their  physical  properties  are  so  different  that 
it  is  not  improbable  that  they  are  quite  distinct  substances. 

MALT   PROTKID   SOLUBLE   IN   DILUTE   ALCOHOL.      BYNIN. 

Three  kilograms  of  ground  malt  were  extracted  with  alcohol 
of  0.90  sp.  gr.  The  extract  was  filtered  clear,  and  concen- 
trated to  about  one-third  its  original  volume,  on  a  water  bath. 
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When  cool  the  solution  was  poured  o£E  from  the  separated  pro- 
teid  and  the  latter  was  washed  with  dilute  salt  solution,  with 
water,  with  ether  to  remove  adhering  water,  and  finally  with 
absolute  alcohol.  Dried  over  sulphuric  acid,  this  preparation, 
29,  weighed  33.1  grams,  being  i.ii  per  cent,  of  the  malt. 
Dried  at  i  lo**  it  had  the  following  composition  : 

Bynin,  29. 

I.                               II.  Average. 

Carbon 55.01  54.93  5497 

Hydrogen 6.77                        6.49  6.63 

Nitrogen 15.98  16.13  16.06 

Sulphar 0.94                        ••••  0.94 

Oxygen ....  21.40 

100.00 
Ash «...  0.67 

In  order  to  fraction  this  substance,  twenty-seven  grams  were 
dissolved  in  alcohol  of  0.70  sp.  gr.,  the  solution  filtered  per- 
fectly clear,  concentrated  to  small  volume  and  poured  into 
absolute  alcohol,  a  few  drops  of  ten  per  cent,  salt  solution  being 
added  to  cause  the  proteid  to  separate.  The  precipitate  so  pro- 
duced was  filtered  out,  treated  with  absolute  alcohol  and  dried 
over  sulphuric  acid.  This  preparation,  30,  weighed  twenty 
grams,  and  when  dried  at  110°  had  the  following  composition  : 

Bynin,  30. 

I.                                II.  Average. 

Carbon 54-74  55-o8  54-91 

Hydrogen 6.61  6.62  6.62 

Nitrogen 16.21  16.06  16.14 

Sulphur 0.83  ....  0.83 

Oxygen ....  55-07 

100.00 
Ash •     •  •  •  *  *  •  •  ■  0.40 

Of  preparation  30,  sixteen -grams  were  dissolved  in  180  cc.  of 
warm  alcohol  of  fifty  per  cent,  by  volume,  and  a  part  of  the  pro- 
teid precipitated  by  cooling  to  0"*  C.  The  solution  was  decanted 
and  the  precipitate,  30a,  was  treated  as  just  described  for  30. 
The  substance  now  separated,  30^,  was  treated  in  the  same 
manner.     30^,  thus  obtained,  was  dissolved  in  a  little  strong 
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alcohol  and  the  perfectly  clear  solution  poured  into  absolute 
alcohol,  adding  also  a  few  drops  of  ten  per  cent,  salt  solution. 
The  precipitate  was  then  dehydrated  with  absolute  alcohol  and 
dried  over  sulphuric  acid.  This  preparation,  31,  weighed  eight 
and  three-tenths  grams  and  gave  the  following  results  on  analy- 
sis : 

BVNIN,   31. 
I.  II.  Avcmgc 

Carbon 55.07  5507 

Hydrogen 6.75  6.75 

Nitrogen   16.18  16.42  16.30 

Sulphur 0.84  -  •  •  •  0.84 

Oxygen •...  21.04 

100.00 
Ash •  • •  •  •  •  o.  10 

The  solutions  containing  fifty  per  cent,  of  alcohol,  which  had 
been  decanted  from  30a,  30*  and  30^  were  united,  concentrated 
to  small  volume,  cooled,  and  the  liquid  poured  ofif  from  deposited 
substance.  The  latter,  dehydrated  with  absolute  alcohol  and 
dried  over  sulphuric  acid — preparation  33 — weighed  five  grams. 

As  seen  from  the  following  table,  these  analyses  show  that  the 
proteid  has  not  been  separated  into  fractions  of  differing  com* 
position. 

Summary  of  Analysis  of  Bynin. 

29.              30.  31.  33.  Avenge. 

Carbon 54.67  54.9^  55-07  55.i6  55.03 

Hydrogen 6.63          6.62  6.75  6.67  6.67 

Nitrogen 16.06  16. 14  16.30  16.53  16.26 

Sulphur 0.94          0.83  0,84  0.76  0.84 

Oxygen 21.40  21.50  21.04  20.88  21.20 

100.00      100.00      100.00      100.00      100.00 
Ash 0.67  0.40  o.io  0.16 

These  figures  are,  except  for  hydrogen,  in  remarkably  close 
agreement  with  those  given  by  Chittenden  and  Osborne  for  the 
composition  of  zein,  the  alcohol  soluble  proteid  of  maize ;  but  in 
properties  the  two  bodies  are  very  distinctly  different.  Com- 
pared with  hordein,  the  alcohol  soluble  porteid  of  barley,  this 
malt  proteid  contains  about  one  per  cent,  more  carbon  and  one 
per  cent,  less  nitrogen. 
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Al^COHOL  SoifXTBLB  PROTBIDS. 

Hordcin  Bynin  Zcin 

of  barley.  of  barley  malt.  of  maixc. 

•      Carbon 54.29  55.<»  55-23 

Hydrogen 6.80  6.67  7.26 

Nitrogen 17.21  16.26  16.13 

Sulphur 0.83  0.84  0.60 

Oxygen 20.87  21.20  20.78 

100.00  100.00  100.00 

MALT  PROTEID  INSOLUBI.E  IN  WATER  SOLUTION  AND   DILUTE 

ALCOHOL. 

The  proteid  remaining  undissolved,  after  extracting  malt  with 
water,  salt  solution  and  alcohol,  was  not  separated  or  identified, 
but  its  presence  in  considerable  quantity  was  shown,  as  follows : 

After  extracting  100  grams  of  malt  first,  with  ten  per  cent, 
sodium  chloride  solution,  and  then  with  alcohol  of  0.90  sp.  gr., 
dehydrating  with  absolute  alcohol  and  drying  in  the  air,  a  resi- 
due was  obtained  which  weighed  seventy-five  grams  and  con- 
tained 0.82  per  cent  of  nitrogen,  equivalent  to  0.62  per  cent, 
reckoned  on  the  original  malt.  Assuming,  as  is  probably  true, 
that  this  nitrogen  belongs  to  proteid  matter,  we  have  in  the 
residue  three  and  eight- tenths  per  cent,  of  proteid,  insoluble  in 
the  reagents  named. 

SUMMARY. 

In  the  malt  used  in  this  investigation  we  have  found  : 

I.  Bynedesiit^,    readily  soluble  in  very  dilute  salt  solution, 

therefore  largely  passing  into  the  aqueous  extracts  because  of 

the  soluble  salts  of  the  seed.     This  globulin  contains  two  per 

cent,  more  carbon  and  three  per  cent,  less  nitrogen  than  edestin, 

the  globulin  of  barley,  and  is  much  more  soluble  in  very  dilute 

salt  solutions  than  edestin. 

The  composition  of  this  globulin,  as  shown  by  the  average  of 

eleven  analyses,  is : 

Bynbdbstin. 

Carbon 53-19 

Hydrogen 6.69 

Nitrogen 15.68 

Sulphur 1.25 

Oxygen 23.19 

100.00 
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Bynedestin,  dissolved  in  ten  per  cent,  sodium  chloride  solu- 
tion, gives  a  turbidity  at  65**  and  a  flocculent  coagulum  at  84°, 
but,  even  after  heating  for  some  time  at  loo"*,  the  coagulation  is 
far  from  complete. 

This  proteid  is  not  precipitated  by  saturating  its  solutions  with 
sodium  chloride,  and  but  partly  precipitated  by  saturating  with 
magnesium  sulphate. 

2.  Leucosin^  an  albumin,  identical  in  composition  and  prop- 
erties with  the  leucosin  found  in  wheat,  rye  and  barley.  The 
composition  of  this  proteid  was  found  to  be  : 

Mai«t  Albumin,  Lsucosin. 

Carbon 53.07 

Hydrogen 6.72 

Nitrogen 16.71 

Sulphur 1 

Oxygen /  ^^^^ 

100.00 

Leucosin  is  intimately  associated  with  diastase.'  Heated  to 
59**,  solutions  of  this  proteid  become  turbid,  and  at  58*  a  floccu- 
lent coagulum  occurs.  Coagulation,  however,  is  incomplete 
unless  the  solution  is  heated  for  some  time  and  the  temperature 
raised  to  about  70**.  Saturation  with  sodium  chloride  or  with 
magnesium  sulphate  partly  precipitates  leucosin. 

3.  A  Protoproteose  readily  precipitated  from  aqueous  solution 
by  adding  an  equal  weight  of  alcohol.     No  preparations  of  this 

x>dy  were  obtained  free  from  albumin.  Its  composition  is  nearly 
the  same  as  that  of  leucosin,  since  preparations  containing  from 
ninety  to  fifty  per  cent,  of  it,  together  with  from  ten  to  fifty  per 
cent,  of  leucosin,  are  not  distinguishable  by  analysis. 

4.  A  Protoproteose  less  readily  precipitated  by  alcohol  than  the 
preceding,  and  of  a  different  composition,  as  shown  by  the  fol- 
lowing figures : 

Mai«t  Protoproteose. 

Carbon 50.63 

Hydrogen 6.67 

Nitrogen 16.69 

Sulphur \  ^^  ^_ 

Oxygen /  ^""^ 

1  See  papers  on  Diastase,  Annual  Reports  of  Conn.  iagx.  Bxpt  Station,  1894.  pp.  aosi 
ao4,  and  1895,  p.  238  ;  also  this  JotniNAL,  17, 587;  x8,  536. 
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That  this  is  not  an  impure  preparation  of  the  preceding,  is 
indicated  by  the  fact  that  the  amount  of  nitrogen  is  alike  in  both, 
while  the  carbon  differs  by  two  per  cent.  This  difference  would 
probably  not  be  caused  by  non-proteid  impurities.  It  is  possible 
that  the  deuteroproteose  next  to  be  described,  may  not  have 
been  completely  separated  by  the  process  employed. 

5.  A  Deuteroproteose  which  could  not  be  separated  from  non- 
proteid  impurities. 

6.  A  Heieroproteose  in  extremely  small  amount. 

7.  Bynin  a  proteid  insoluble  in  water  and  saline  solutions,  but 
readily  soluble  in  dilute  alcohol.  About  1.25  per  cent,  of  this 
proteid  was  obtained  from  the  malt,  having  the  following  com- 
position : 

Bynin. 

Carbon   55.03 

Hydrogen 6.67 

Nitrogen • 16.26 

Sulphur • 0.84 

Oxygen 21.20 


100.00 

8.  A  proteid  insoluble  in  water,  in  salt  solution  and  in  alcohol, 
amounting  to  3.80  per  cent.  The  composition  and  properties  of 
this  proteid  we  have  been  unable  lo  determine. 

Proportions  op  the  Various  Proteids  in  Mai,t. 

Assuming  twenty-one  per  cent,  of  the  total  nitrogen  of  the 
malt  to  exist  in  non-proteid  bodies,  and  admitting  the  malt  pro- 
teids to  contain  on  the  average  16.3  per  cent,  of  nitrogen,  we 
have,  in  the  malt  investigated,  a  total  of  7.84  per  cent  of  proteids. 

As  already  indicated,  p.  555,  proteid  equal  to  three  and  eight- 
tenth  per  cent,  of  the  malt  was  insoluble  in  alcohol  and  in  salt 
solution. 

It  was  shown  on  page  553  that  i.ii  per  cent,  of  proteid  was  re- 
covered from  alcohol  solution,  and  making  allowance  for  loss, 
we  may  place  the  amount  of  alcohol-soluble  proteid  at  1.25  per 
cent. 

Subtracting  the  sum  of  the  insoluble  proteid  and  the  alcohol 
soluble  proteid  from  the  total  malt  proteids,  we  have  2.79  per 
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cent,  for  proteids  soluble  in  salt  solution,  t^>.,  globulin,  albumin, 

and  proteoses. 

The  amount  of  coagulable  proteids  was  found  to  be  1.50  per 

cent.,  consisting  of  albumin  and  a  part  of  the  globulin.    There 

remains  then   1.29  per  cent,  for  the  uncoagulated  globulin  and 

the  various  proteoses.     We  have  accordingly,  in  the  malt  used 

for  these  determinations,  approximately : 

Per  cent. 

Proteid,  insoluble  in  salt  solution  and  in  alcohol 3.80 

Bynin,  soluble  in  dilute  alcohol x.25 

Bynedestin,  leucosin  and  proteoses  \  f  Coagulable 1.50 

soluble  in  water  and  salt  solution  /  t  Uncoagulable 1.29 

Total  proteids 7.84 

The  results  of  this  study  show  :  that,  in  germination,  the  pro- 
teids of  barley  undergo  extensive  changes  without  acquiring,  or 
before  acquiring  the  properties  of  proteoses ;  that  hordein  disap- 
pears and  an  alcohol  soluble  proteid  of  entirely  different  composi- 
tion takes  its  place ;  that  edestin  also  disappears  and  a  new 
globulin  is  formed,  very  different  both  in  composition  and  proper- 
ties. The  albumin,  on  the  other  hand,  appears  to  be  unchanged 
in  its  characters,  but  its  quantity  is  increased.  It  is  to  be  noted 
also  that  hordein  and  edestin  are  both  replaced  by  proteids  much 
richer  in  carbon  and  poorer  in  nitrogen. 


NOTE. 

A  Cheap  Adjustable  Electrolytic  Stand. — Stands  for  electro- 
lytic work,  especially  for  efficient  assaying  of  copper,  should 
fulfill  certain  conditions. 

All  joints  and  connections,  as  far  as  possible,  should  beperma- 
nently  soldered  and  very  few  switches  used. 

If  many  assays  of  the  same  .kind  are  to  be  simultaneously 
conducted,  each  assay  should  be  independent  of  its  neighbor. 

The  stands  or  terminals,  for  holding  the  platinum  cases  or 
cylinders  and  spirals  (which  are  the  forms  of  electrodes  generally 
used  in  large  laboratories),  should  be  capable  of  instant  adjust- 
ment to  suit  a  beaker  of  any  height  and  size,  or  permit  a  block 
of  wood  to  be  placed  under  the  beaker,  since  some  chemists 
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prefer  when  an  electrolysis  is  finished,  to  wash  the  electrodes  by 
quickly  slipping  out  a  block,  dropping  the  beaker,  and  replac- 
ing it  with  another  of  distilled  water. 
The  author  has  designed  and  used  for*  several  years,  electro- 


lytic standi  which  are  simple  in  construction  and  comparatively 
inexpensive,   and  a  number  of  them  may  be  quickly  turned 
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out  together  in  any  works  possessing  a  carpenter  or  macfaine 
shop. 

The  drawing  shows  that  the  stands  each  consist  of  small, 
turned  sticks  of  oak  wood,  one  foot  high,  and  fastened  by  a  short 
lag  screw,  bolt,  or  common  screw  and  washer,  to  a  wooden  shelf 
one  inch  thick,  under  which  are  placed  the  gravity  or  storage 
batteries. 

A  block  of  wood,  of  the  shape  and  construction  given  in  the 
sketch,  is  arranged  to  slide  on  the  wooden  post,  and  fastened  by 
the  large  screw  (E).  Into  the  front  end  of  the  sliding  block 
are  screwed  two  brass  holders  for  the  ** cylinders,"  or  "cone 
and  spiral"  electrodes. 

All  dimensions  may  be  taken  from  the  scale  accompanying 
the  sketch.  The  ** single  binding  posts"  given  in  chemical 
catalogues,  make  very  good  holders  if  one  side  of  the  brass  post 
is  filed  out  opposite  the  hole  as  shown  in  cut  (st  A.) 

The  cotton-covered  (No.  19)  connecting  wires  {B)  are  con- 
nected by  soldered  joints  with  two  parallel  main  wires  (No.  16) 
at  C,  D,  and  are  led  up  through  two  small  holes  at  the  back  of 
the  sliding  block  and  over  the  top  to  the  brass  plug^  in  front. 

These  holders  or  plugs  may  be  screwed  in  part  way,  and  the 
bared  ends  of  the  wire  twisted  once  around  the  screw. 

The  brass  plugs  are  then  screwed  up  tightly  in  position,  the 
short,  free  end  of  the  wire  bent  down  over  the  top  in  a  little  slot 
previously  filed,  and  fastened  with  a  drop  of  solder  (as  at  /^) 

These  neat,  wooden  stands  may  be  set  in  a  single  or  in  a 
double  row  in  a  **  staggering"  position. 

The  stands  may  be  arranged  in  little  sets  of  twos  or  fours, 
independent  of  each  other,  by  breaking  one  of  the  parallel  main 
wires  at  C  or  Z?  by  a  switch  or  removable  plug  of  low  resistance. 

Prom  each  of  these  groups  or  sets  lead  wires  with  soldered 
connections  may  be  run  to  batteries  below,  and  to  arrangements 
of  incandescent  lamps  on  the  wall  above  and  behind  the  row  of 
stands,  and  each  group  of  assays  may  thus  be  giVen  a  different 
strength  of  current,  one  sixteen  candle  power  lamp  being  gen- 
erally sufficient  for  four  copper  assays. 

The  advantage  of  connecting  assays  of  the  same  kind  in  par- 
allel, as  indicated  in  the  sketch,  consists  mainly  in  the  fact 
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that  the  current  is  divided  up  between  the  assays,  lessening  the 
total  resistance,  and  that  any  electrode  may  be  quickly  removed 
after  loosening  the  screw  at  A  without  disturbing  the  other 
analysed. 

If  the  laboratory  is  wired  for  incandescent  (seventy-five  volt) 
lamps,  the  current  obtained  from  a  circuit  containing  arrange- 
ments of  sixteen  or  thirty-two  candle  power  lamps  is  more  steady 
than  that  from  small  batteries. 

If  the  dynamo  only  runs  at  night,  a  bank  of  lamps  in  parallel 
arc  may  be  arranged  as  a  resistance  and  the  current  passing 
through  these,  caused  to  charge  two  or  more  storage  batteries 
in  series  at  night.  In  the  morning  the  direct  current,  through 
resistance  of  lamps,  which  had  been  applied  to  analyses  during 
the  night,  may  then  be  switched  ofi  and  the  dynamo  current 
also  switched  off  from  storage  cells,  which  are  then  connected 
up,  through  suitable  resistance  coils,  in  an  opposite  direction 
with  the  copper  analyses  yet  unfinished. 

As  noted,  adjustable  resistance  coils  should  be  included  in 
the  circuit  of  analyses,  through  which  the  storage  cells  dis- 
charge. For  a  description  of  such  apparatus,  I  refer  to  the  works 
of  well  known  authorities,'  '  and  for  different  arrangements  of 
incandescent  lamps  to  articles  in  this  Journal  of  1894  and  1895. 

The  **  chloride  accumulator*'  is  thought  to  be  the  most  effi- 
cient storage  cell  for  laborator>'  work.  Three  cells  in  series  of 
the  type  (5  E,  Electric  S.  Bat.  Co.,  Phila.),  require  the  cur- 
rent of  ten  sixteen-candle-power  lamps  in  parallel  arc  to  secure 
a  full  charge  in  one  night  of  twelve  to  fourteen  hours,  and  will, 
when  connected  with  analyses,  give  out  again  for  a  period  of 
fourteen  to  fifteen  hours  about  eighty  per  cent,  at  two  volts 
potential. 

The  foregoing  descriptions  will,  it  is  hoped,  be  of  service  to 
those  who  have  considerable  electrolytic  work  with  copper,  or 
other  metals,  and  the  stand  described  is  recommended  as  one 
that  is  permanent,  easily  adjustable  and  comparatively  inexpen- 
sive, if  set  up  by  the  chemist  himself. 

G.  L.  Hbath. 

1  Clasen  a  Quant  Anal,  by  £lect„  Am.  Ed.,  pp.  23-38. 
s  E.  P.  Smith's  Electrolysis,  pp.  37-28. 
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Water  Supply  (Considbrbd  Principaixy  prom  a  Sanitary  Stand- 
point). By  William  P.  Mason.  8vo.  viii,  504  pp.  New  York :  John 
Wiley  Sl  Sons.    Price,  I5.00. 

There  is  scarcely  a  subject  about  which  chemists  are  called 
upon  to  give  an  opinion,  which  requires  broader  knowledge, 
more  care  in  analytical  work  and,  above  all,  more  exercise  of 
good  common  sense,  than  the  determination  of  the  sanitary 
character  61  a  water  supply. 

The  present  work  will  be  found  of  service  not  only  to  chem- 
ists, but  also  to  physicians,  engineers,  and  many  others  who  are 
called  upon  to  consider  problems  of  this  kind. 

The  author  has  had  a  wide  practical  experience  in  the  study 
of  water  supplies  and  shows  excellent  judgment  selecting  that 
which  is  most  valuable,  both  from  his  own  experience  and  from 
the  almost  boundless  literature  of  the  subject. 

In  a  long  chapter  on  Drinking  Water  and  Disease,  a  good 
selection  is  given  from  the  many  cases  on  record  where  epi- 
demics, especially  of  typhoid  fever  and  of  cholera,  have  been 
proved  to  have  been  connected  with  the  use  of  a  contaminated 
water. 

The  chapter  on  the  artificial  purification  of  water  gives  a 
detailed  account  of  the  best  systems  in  use  in  America  and  in 
Europe  for  the  filtration  of  water  on  a  large  scale.  A  large 
number  of  plants  of  this  character  have  been  personally  exam- 
ined by  the  author. 

In  discussing  the  natural  purification  of  water  it  is  interesting 
to  notice  that  the  author  agrees  with  those  who  believe  that  the 
self-purification  of  a  river  water  which  has  once  been  seriously 
contaminated  with  sewage  is  a  very  slow  process,  and  that  such 
waters  should  not  be  recommended  for  potable  use  even  after 
many  miles  of  flow.  The  evidence  given  on  this  point  seems 
to  be  almost  incontrovertible. 

About  one- third  of  the  book  is  given  to  the  discussion  of  the 
various  forms  of  natural  waters  :  rain,  ice,  snow,  river  water, 
stored  water,  ground  water  and  deep-seated  water. 

Concise  and  satisfactory  directions  are  given  for  the  chemical 
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and  bacteriological  examination  of  waters,  the  latter  being  con- 
fined to  methods  of  preparing  culture  liquids  and  counting 
colonies.  In  the  opinion  of  the  writer  the  retort  which  is  recom- 
mended for  the  '*  albuminoid ''  ammonia  process  would  be  bet- 
ter replaced  by  a  flask,  or  a  distilling  bulb  with  a  ground  glass 
stopper.  The  retort  seems  to  have  little  place  left  in  the  modem 
laboratory. 

The  opinion  is  expressed  that,  while  the  bacteriological  ex- 
amination is  important,  its  value  has  been  greatly  overrated,  and 
the  chemical  examination  will,  in  most  cases,  give  more  reliable 
information  as  to  the  character  of  a  water. 

The  typography  and  general  arrangement  of  the  book  are  ex- 
cellent; and  the  writer  is  not  acquainted  with  any  other  work 
which  contains  so  much  that  is  of  value  on  the  subject. 

W.  A.  NOYES. 

Hints  on  the  Teaching  of  Ei^embntarv  Chemistry  in  Schools  and 
Science  Classes.  By  William  A.  Tilden,  D.Sc,  F.R  S.  London : 
Longmans,  Green  &  Co.     1895.     i2mo.    84  pp.    111.     Price,  75  cents. 

Dr.  Tilden  is  one  of  the  English  chemists  who  examines  many 
papers  written  by  candidates  in  chemistry.  He  is  well  qualified^ 
therefore,  to  speak  to  teachers  of  the  subject,  and  his  book  is 
practically  a  series  of  short  talks  to  teachers.  The  following  ex- 
tract gives  a  good  idea  of  his  poipt  of  view  : 

**In  order  to  cultivate  the  powers  of  observation,  various 
branches  of  natural  science  have  been  brought  into  use  in  schools, 
but  none  seem  to  present  so  many  advantages  as  are  offered  by 
chemistry  when  rightly  taught.  As  a  science  based  entirely 
upon  the  results  of  observation  and  experiment,  it  is  only  by 
making  experiment  a  principal  feature  of  the  system  of  instruc- 
tion that  these  advantages  can  be  secured.  The  observations 
and  experiments  must  also,  as  far  as  possible,  be  the  work  of  the 
pupil  and  not  of  the  teacher,  and  therefore  exercises  undertaken 
should  be  in  the  first  instance  of  the  simplest  possible  character, 
and  graduated  so  as  to  lead  on  to  more  difficult  opera- 
tions, which  should  only  be  undertaken  after  some  time  and 
after  demonstration  by  tUe  teacher.  It  is  a  mistake  to  suppose 
that  the  great  theories  of  chemistry  can  be  established  by  experi- 
ments conducted  wholly  by  beginners,  but  with  due  preliminary 
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instruction  the  more  advanced  student  may  g^t  a  long  way  in 
this  direction.** 

Prof.  Tilden  seems  to  fully  comprehend  the  necessity  for 
simplicity  in  the  apparatus  to  be  used  by  beginners  and  a  num- 
ber of  hints  are  given  in  this  line  worth  consideration. 

Edward  Hart. 
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I.    RAW,  ROASTED   OR   STEAMKD   I^EATHKR. 

IN  another  publication*  the  writer  reviewed  the  experiments 
made  by  various  investigators  concerning  the  ag^cultural 
value  of  different  forms  of  leather  refuse,  and  drew  the  following 
conclusions :  ' '  The  results  of  both  iSeld  and  pot  experiments,  as 
well  as  artificial  digestion  experiments,  indicate  that  leather, 
either  raw,  roasted  or  steamed,  is  a  very  inferior  source  of  plant 
food.  Carefully  conducted  experiments  by  Wagner  give  the  ni- 
trogen it  contains  a  relative  value  of  20,  the  nitrogen  in  sodium 
nitrate  being  valued  at  100.  When  nitrogen  in  organic  matter 
is  valued  at  from  sixteen  to  eighteen  cents  per  pound,  nitrogen 
in  raw,  roasted  or  steamed  leather  should  be  worth  but  from  three 
to  six  cents  per  pound. 

II.    DISSOI.VED  LEATHER. 

Deherain  and  others  have  suggested  that  if  leather  be  dissolved 
in  sulphuric  acid,  its  nitrogen  will  be  made  as  available  as  that 
contained  in  the  average  animal  matter.  It  is  generally  under- 
stood that  many  European  manufacturers  of  fertilizers  thus  turn 
leather  waste  to  account.  No  direct  experiments  are  on  record, 
so  far  as  the  writer  is  aware,  to  bear  out  the  above  claim.' 

In  order  to  study  the  value  of  dissolved  leather,  pot  experi- 

^  Twelfth  annual  report  of  the  Massachusetts  Experiment  Station,  1894.  See  also 
Agricnlttf ral  Science.  8,  Nos.  2  and  3. 

'See  however  a  single  test  reported  in  the  Report  of  Connecticut  Experiment  Station 
for  1894.  p.  lox. 


566  J.    B.    I.INDSEY. 

ments  with  oats  were  conducted  during  the  years  1894  and  1895. 
The  results  obtained  in  1894  have  already  been  published.*  The 
results  for  both  years  are  presented  below : 

General  Plan  of  the  Experiment, — The  experiments  were  con- 
ducted in  galvanized  iron  pots.  The  soil,  poor  in  all  three  in- 
gredients of  fertility,  was  supplied  with  an  excess  of  potash  and 
phosphoric  acid.  The  nitrogen  in  sodium  nitrate  was  taken  as 
a  standard,  being  rated  at  100.  The  same  quantit}'  of  nitrogen 
in  sodium  nitrate,  Philadelphia  tankage  (roasted  leather)  and 
dissolved  leather  was  applied  to  different  sets  of  two  or  three  pots 
each  ;  one  set  of  pots  received  no  nitrogen.  These  latter  pots 
measured  the  nitrogen  capacity  of  the  soil.  The  entire  number 
of  pots  were  treated  as  nearly  alike  as  possible  so  far  as  sunlight, 
moisture,  etc.,  were  concerned.  With  similar  conditions  and 
plant  food  alike,  excepting  the  nitrogen  source,  it  is  clear  that 
the  amount  of  nitrogen  taken  up  by  the  plants  in  the  different 
pots,  would  be  a  measure  of  the  availability  of  the  nitrogen  in 
the  several  forms  of  nitrogen-containing  material. 

The  Pots  Used, — The  pots,  of  thin  galvanized  iron,  were  seven 
and  three-fourths  inches  in  diameter  and  eight  inches  deep.  A 
galvanized  iron  tube,  half  an  inch  in  diameter,  extended  from 
the  top  to  the  bottom  of  the  pot,  connecting  at  the  base  with  a 
second  tube  of  the  same  ihaterial  one  inch  in  diameter.  The 
latter  tube  extended  along  the  bottom  of  the  pot,  and  was  per- 
forated with  small  holes.  The  object  of  these  tubes  was  to  sup- 
ply water  partly  from  the  bottom  of  the  pot. 

EXPERIMENTS   A. 

These  experiments  were  begun  in  1894  with  eighteen  pots, 
three  parallel  pots  for  each  distinct  test ;  they  were  continued  in 
1895  with  twelve  pots,  two  pots  being  employed  for  each  test. 

The  Soil, — The  soil  was  of  a  gravelly  nature,  and  had  not  been 
cultivated  for  a  long  time.  It  was  very  poor  in  all  three  ingre- 
dients, as  the  following  analysis  will  show  : 

Per  cent 

Water  when  tested 14.25 

Phosphoric  acid 0.13 

Potassium  oxide 0.08 

Nitrogen 0.09 

1  Loc.  cit. 
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Fertilizers  Used, — The  sources  of  nitrogen  were  sodium  nitrate, 
Philadelphia  tankage/  and  dissolved  leather.  The  dissolved 
leather  was  prepared  in  1894  by  heating  210  grams  of  C.  P.  sul- 
phuric acid  of  so"*  B.  to  80**  C.  and  slowly  adding  sixty-three  grams 
of  finely  ground  sole  leather.  The  mixture*  was  thoroughly 
stirred  and  allowed  to  stand  one-half  hour.  A  dark  pasty  mass 
resulted,  to  which  were  added  forty-nine  grams  of  water  to  thin 
somewhat,  together  with  sufficient  calcium  carbonate  to  neu- 
tralize the  excess  of  sulphuric  acid,  and  to  make  the  resulting 
mass  suitable  to  handle.  The  calcium  carbonate  was  used  in 
preference  to  the  phosphate,  in  our  case,  to  avoid  an  excess  of 
phosphoric  acid.  After  standing  twenty-four  hours  the  mixture 
became  dry  and  friable.  The  dissolved  leather  for  1895,  was  pre- 
pared in  the  same  way,  excepting  that  the  water  was  omitted. 
Double  superphosphate  was  used  as  a  source  of  phosphoric  acid, 
and  potash  was  applied  in  the  form  of  the  double  sulphate  of 
magnesia  and  potash. 

Composition  of  Fertilizers  Used. 

Available  Total             Pous- 

phosphoric  phosphoric       sium 

Nitrogen.            acid.  acid.             oxide. 

Per  cent.        Per  cent.  Per  cent.    Per  cent. 

Sodium  nitrate  for  1894  and  1895- •   14. 28  .•••  ••••              •••• 

Dissolved  leather,  I.,  1894 0.97  ....  ....              .... 

•*                *'        I.,  1895 0.97  ....              ....              

Philadelphia  tankage  1894 and  1895    7.80  ....  ....              .... 

Double   superphosphate  1894  and 

1895 47-42  4780 

Double  sulphate  of  magnesia  and 

potash,  1894 ....  ....            24.32 

Douole  sulphate  of  magnesia  and 

potash,  1895 ....  ....            25.08 

Arrangement  of  the  Experiment. 

1894. 

Amount  of 

Amount  of         available  phos-        Amount  of 

nitrogen  ap-       phoric  acid  ap-  potassium  oxide 

plied  per  pot       plied  per  pot.   applied  per  pot. 

Source  of  nitrogen.  Gram.  Grams.  Grams. 

Pots    I,    2,    3,  soil  nitrogen 0.00  1.20  2.40 

**       7i    8,    9,  sodium  nitrate..  0.30  1.20  2.40 

'*     13,  14,  15,  dissolved  leather  0.30  1.20  2.40 

•*     10,  II,  12,  sodium  nitrate- •  0.60  1.20  2.40 

**    16,  17,  18,  dissolved  leather  0.60  1.20  2.40 

'*      4,    5,    6,  Phil,  tankage  ...  0.60  1.20  2.40 

1  Roasted  leather. 
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Pots  I,  4,  7,  lo,  13,  16,  were  infected  with  a  small  quantity  of 
cultivated  soil,  to  note  if  the  infection  facilitated  to  any  marked 
degree  the  nitrification  of  the  organic  nitrogen  in  case  of  these 
particular  experiments*  To  each  of  these  pots  was  also  added 
ten  grams  of  air-slaked  lime. 

1895. 

Amount  of 

Amount  of         available  phos-  Amount  of 

nitrogen  ap-          phoric  acid  |>otaasium  oz- 

plied  per  pot.            per  pot.  ide  per  pot. 

Source  of  nitrogen.                    Grams.                  Grams.  Grams. 

•   Pots    I,    2,  soil  nitrogen 0.00  2.40  4.80 

"      7,    8,  sodium  nitrate 0.30  2.40  4.80 

"    13,  14,  dissolved  leather  •• .  0.30  2.40  4.80 

*'    iO|  II,  sodium  nitrate 0.60  2.40  4,80 

**    16,  17,  dissolved  leather  •  *  *  0.60  2.40  4.80 

"     4,    5,  Phil,  tankage 0.60  2.40  4.80 

It  will  be  noticed  that  double  the  quantity  of  phosphoric  acid 
and  potash  was  applied  in  1895,  to  make  sure  of  a  sufficient 
amount  to  enable  the  nitrogen  to  do  its  best  work.  To  each  of 
the  pots  was  added  ten  grams  of  air-slaked  lime.  The  same 
soil  was  used  in  1895  ^s  in  1894. 

Filling  the  Pots. — About  an  inch  of  good  clean  gravel  was  first 
placed  in  the  pots.  All  of  the  fertilizer  excepting  the  nitrate 
was  then  mixed  with  eleven  and  one-half  pounds  of  soil,  which 
was  put  in  in  layers  and  gently  pressed  down.  One-half  gram 
of  selected  oats  was  then  scattered  over  the  soil,  and  covered 
with  one  pound  of  earth.  The  pots  were  thus  filled  to  within 
one  centimeter  of  the  rim.  One-half  of  the  nitrate  was  applied 
in  solution  at  the  time  of  seeding,  and  the  other  half  five  to  six 
weeks  later. 

General  Care  of  the  Pots. — The  pots  were  set  into  a  wagon 
running  on  an  iron  track.  The  floor  of  the  wagon  was  sur- 
rounded with  sides  six  inches  deep.  The  pots  were  carefully 
watched  and  kept  sufficiently  watered.  A  portion  of  this  water 
was  supplied  from  beneath,  and  the  remainder  was  added  to  the 
surface  by  the  aid  of  a  sprinkling  pot.  Sometimes  it  was  neces- 
sary to  water  twice  daily.  The  pots  were  kept  in  the  open  when- 
ever the  weather  permitted.  During  wet  or  windy  weather,  and 
at  night,  they  were  run  under  cover. 
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Harvesting,  etc, — The  plants  in  pots  i,  2,  3,  4,  5,  6,  in  1894, 
and  in  I,  2,  4,  5,  in  1895,  were  very  light  green  and  spindling 
during  the  entire  growing  period.  The  plants  in  the  different 
pots  were  harvested  as  they  matured.  They  were  cut  close  to 
the  soil,  put  in  paper  bags  and  hung  away  to  dr>\  After  the 
product  of  each  pot  was  thoroughly  air-dry,  the  grain  was  care- 
fully removed,  weighed,  coarsely  ground,  and  dry  matter  deter- 
minations made.  The  straw  was  cut  into  short  lengths,  and  also 
tested  for  dry  matter.  Finally  both  grain  and  straw  were  ground 
fine,  and  nitrogen  determinations  made. 

The  figures  in  Tables  I  and  II  show  the  results  obtained  in 
two  years.  The  first  column  in  Table  I  shows  the  amount  of 
nitrogen  applied  to  each  pot.  The  next  four  columns  show  the 
average  dry  matter  produced  for  both  yedrs.  The  four  columns 
next  following  indicate  the  gain  in  dry  matter  over  soil  nitrogen 
pots.  The  last  column  shows  the  average  gain  in  dry  matter  of 
straw  and  grain  for  two  years,  produced  by  the  different  ferti- 
lizers, the  gain  produced  by  sodium  nitrate  being  reckoned  at 
100. 

It  will  be  seen  that  the  Philadelphia  tankage  has  been  but 
slightly  available  as  a  nitrogen  source.  Its  effect  the  second 
year  was  rather  better  than  during  the  first  season.  The  com- 
bined results  for  the  two  years  show  it  to  be  very  inferior  to  the 
sodium  nitrate,  yielding  practically  one-tenth  as  much  dry  mat- 
ter. These  results  simply  confirm  the  investigations  made  by 
others  with  different  forms  of  untreated  leather. 

The  results  with  dissolved  leather  are  very  different.  One 
could  easily  observe  that  during  the  entire  growing  season  the 
plants  treated  with  this  substance  were  uniformly  green,  healthy, 
and  grew  continuously,  being  but  little  if  any  inferior  in  color 
to  the  sodium  nitrate  pots.  The  amount  of  dry  matter  obtained 
for  two  years  with  the  aid  of  this  source  of  nitrogen  when  com- 
pared with  sodium  nitrate,  has  been  as  78  to  100. 

The  three-tenths  gram  of  nitrogen  from  sodium  nitrate  the 
second  year  produced  a  poor  yield  of  grain.  This  can  only  be 
accounted  for  from  the  fact  that  the  second  half  of  the  nitrate 
was  not  applied  until  shortly  before  the  grain  began  to  head, 
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and  that  this  was  not  early  enough  for  the  plant  to  work  it  over 
into  organic  combination. 

In  cases  where  six-tenths  of  a  gram  of  nitrogen  was  applied  in 
the  form  of  sodium  nitrate  but  little  grain  was  produced.  This 
might  be  the  result  of  two  causes.  First,  because  an  excess  of 
soluble  nitrogen  interfered  with  its  natural  transformation  into 
organic  combination,  and  in  the  next  place  it  is  possible,  as 
already  stated,  that  the  second  application  was  made  too  late. 
It  is  believed  that  the  amount  of  phosphoric  acid  and  potash 
applied  especially  the  second  year  was  in  all  cases  sufficient. 
The  six-tenths  gram  of  nitrogen  from  the  dissolved  leather  did 
rather  better  work  than  that  from  sodium  nitrate,  but  it  was 
still  much  inferior  to  that  performed  by  three-tenths  gram. 

The  amount  of  nitrogen  obtained  by  the  plant  is  a  better 
measure  of  the  availability  of  the  nitrogen  than  the  dry  matter 
produced.  This  will  be  found  in  Table  II.  The  first  portion 
of  the  table  shows  the  nitrogen  in  the  total  dry  matter  produced, 
and  the  average  per  cent,  of  nitrogen  in  lOO  grams  of  dry  mat- 
ter. Next  to  be  noted  is  the  amount  of  nitrogen  returned  in  the 
straw  and  grain,  for  every  loo  parts  of  nitrogen  applied.  The 
results  obtained  from  the  several  sources  of  nitrogen  are  then 
compared  with  the  nitrogen  obtained  by  the  straw  and  grain  of 
the  sodium  nitrate  pots  reckoned  at  lOO.  This  comparison 
shows  that  the  plants  were  able  to  take  only  about  one-tenth  as 
much  nitrogen  from  Philadelphia  tankage  as  from  sodium 
nitrate,  while  they  secured  seven-tenths  as  much  nitrogen  from 
the  dissolved  leather  as  from  the  nitrate.  When  six-tenths 
gram  of  nitrogen  was  applied  in  the  form  of  sodium  nitrate  and 
in  dissolved  leather,  both  the  straw  and  grain  contain  a  higher 
percentage  of  nitrogen  than  when  but  three-tenths  gram  was 
applied  ;  the  yield  of  straw  and  especially  of  grain  was  propor- 
tionately less,  however,  when  the  larger  quantity  was  added. 
It  is  evident  that  a  portion  at  least  of  the  nitrogen  taken  up  had 
not  been  turned  to  account  in  the  production  of  organic  sub- 
stance. 

EXPERIMENT   B. 

In  this  experiment,  made  in  1895,  a  soil  was  selected  even 
poorer  in  nitrogen  than  the  one  used  in  Experiment  A.     The 
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object  of  this  experiment  was  to  see  if  more  leather — ^than  the 
amount  used  in  the  previous  experiment — could  not  be  added  to 
the  same  quantity  of  stronger  sulphuric  acid,  and  thus  secure  a 
fertilizer  testing  higher  in  nitrogen.  Dissolved  leather  II  was 
therefore  prepared  by  adding  sixty  grams  of  fine  ground  sole 
leather  to  120  grams  of  60°  B.  sulphuric  acid  heated  to  200°  F. 
The  black  pasty  mass  was  allowed  to  stand  for  one-half  hour, 
and  was  then  dried  off  with  calcium  carbonate. 

Dissolved  leather  III  was  prepared  by  adding  100  grams  fine 
sole  leather  to  120  grams  of  60''  B.  sulphuric  acid.  This  amount 
of  leather  and  acid — ^nearly  one  to  one — furnished  a  very  thick 
paste.  It  was  dried  off  with  calcium  carbonate.  The  two  dis- 
solved leathers  contained  the  following  percentages  of  nitrogen : 

Per  cent. 

Dissolved  leather  II 1.13 

III 1.75 

The  composition  of  the  sulphate  of  potash  and  magnesia  and 
of  the  double  superphosphate,  as  well  as  the  quantity  applied, 
was  the  same  as  in  Experiment  A  for  1895.  The  method  of 
filling  the  pots,  planting,  and  harvesting,  was  also  similar. 

Tables  III  and  IV  express  the  results  in  a  similar  way  as 
Tables  I  and  II.  The  sodium  nitrate  pots  produced  rather  less 
grain  than  those  to  which  the  dissolved  leather  was  applied. 
This  tendency  was  noted  in  Experiment  A.  The  three-tenths 
gram  of  nitrogen  in  the  form  of  dissolved  leather  II  produced 
about  nine-tenths  as  much  dry  matter  as  did  a  like  quantity  of 
nitrogen  in  the  form  of  sodium  nitrate.  The  percentage  of 
nitrogen  in  the  dissolved  leather  plants  is  noticeably  less  how- 
ever. The  six-tenths  gram  of  nitrogen  from  both  the  sodium 
nitrate  and  dissolved  leather  did  not  produce  proportionately  as 
much  dry  matter  as  did  three-tenths  gram,  thus  indicating  that 
the  plant  was  not  able  to  work  it  all  over  into  organic  matter. 

The  three-tenths  gram  of  nitrogen  from  dissolved  leather  III 
produced  rather  more  dry  matter  than  did  the  same  quantity  of 
nitrogen  from  sodium  nitrate.  The  percentage  of  nitrogen  in 
the  straw  and  grain  was  decidedly  less  however. 

Table  IV  shows  that  the  oat  plants  were  able  to  get  but  sixty- 
five  per  cent,  as  much  nitrogen  from  dissolved  leather  II  and  III 
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as  from  sodium  nitrate.  This  confirms  the  results  obtained  in 
Experiment  A  for  1894.  The  oat  plants  secured  twice  as  much 
nitrogen  from  the  six-tenths  gram  as  from  the  three-tenth  gram 
in  case  of  the  sodium  nitrate  and  both  dissolved  leathers,  showing 
that  the  nitrogen  was  fully  utilized. 

GENERAL  CONCLUSIONS. 

The  above  experiments,  part  of  which  cover  two  years,  make 
clear  that  dissolved  leather,  when  properly  prepared,  yields  as 
available  a  source  of  nitrogen  as  the  average  animal  matter  used 
for  fertilizing  purposes. 

The  quantity  of  nitrogen  obtained  by  the  plants  from  sodium 
nitrate  being  represented  as  equal  to  100,  the  quantity  obtained 
from  dissolved  leather  during  two  years  has  been  shown  to  be 
equal  to  70.* 

In  this  connection  I  beg  leave  to  add  the  results  of  the  avail- 
ability of  the  various  sources  of  nitrogen  as  determined  by  P. 
Wagner.  Sodium  nitrate  is  taken  as  100  in  value,  and  the 
value  of  other  sources  are  compared  with  it. 

Sodium  nitrate 100 

Ammonium  sulphate 90 

Dried  blood,  ground  horn,  and  green  plants 70 

Ground  bone,  ground  fish,  and  nesh 60 

Stable  manure 45 

Ground  wool • 30 

Ground  leather 20 

Hatch  Hxpbrimbkt  Station, 
Amherst,  Mass. 
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SO  far  as  we  can  ascertain,  the  only  investigations  of  the  pro- 
teids  obtained  from  the  tubers  of  the  potato  have  been 
made  by  Riiling,'  Ritthausen,^  Zoller,*  and  Vines,* 

1  The  Connecticut  Experiment  Station,  in  its  recently  issued  report  for  1895,  con- 
firmed these  results. 

2  Prom  the  report   of  the  Connecticut    Agricultural  Experiment  Station  for  1895. 
Communicated  by  the  authors. 

tAnn.  Ch€m.  (I«iebiff),  sS»306. 
4  Pfliiger's  Archiv,  ai,  loi. 
&  Ber.  d.  chem.  Ges.^  13,  1064. 
^  Journal  qf  Physiology^  3,  93. 
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Ruling  contributes  a  partial  analysis  of  the  coagulum  ob- 
tained by  boiling  the  juice  of  the  potato. 

Ritthausen  states  that  nearly  the  whole  of  the  proteid  of  the 
potato  is  contained  in  the  juice.  He  obtained  two  preparations 
from  the  juice  by  heating  to  65''  C,  filtering  off  the  coagulum 
and  heating  the  filtrate  to  76°.  The  two  coagula  were  analyzed 
with  results  as  stated  beyond.  He  says,  *  *  these  results  do  not 
contradict  the  assumption  that  the  potato  contains  albumin,  yet 
the  content  in  sulphur  is  only  one-half  as  great  as  in  albumin  of 
serum,  tgg  and  muscle. 

Zoller  extracted  the  pressed  and  washed  potato  pulp  with  ten 
per  cent,  sodium  chloride  brine  and  obtained  a  globulin,  pre- 
cipitable  by  saturating  its  solution  with  sodium  chloride  and 
when  dissolved  in  ten  per  cent,  sodium  chloride  brine  coagula- 
ting on  heating  to  59**  or  60*'.  From  his  result  he  concludes 
that  the  potato  contains  a  globulin  resembling  myosin. 

On  investigating  the  juice  of  the  potato  Zoller  obtained  results 
which  led  him  to  conclude  that  the  proteids  therein  dissolved 
are  also  globulins,  but  that  further  study  was  needed  to  explain 
their  **  peculiar  deportment,*'  especially,  it  is  to  be  inferred,  the 
fact  of  coagulation  occurring  at  from  43''  to  48°,  and  again,  at 
62^ 

Vines  states  that  prolonged  treatment  of  the  *  *  cr\'stalloids" 
of  the  potato  with  ten  per  cent,  sodium  chloride  solution  pro- 
duces no  apparent  effect,  but  that  they  dissolve  readily  in  a 
saturated  solution  of  this  salt,  thus  differing  from  all  other  pro- 
tein crystals  which  he  had  observed. 

Having  had  occasion  to  prepare  a  quantity  of  pure  starch 
from  the  potato,  we  took  advantage  of  the  opportunity  to  exam- 
ine the  associated  proteids. 

After  removing  the  skins,  the  tubers  were  crushed  and 
squeezed  in  a  drug  press.  The  juice  was  strained  through 
cloth  and  allowed  to  stand  and  deposit  the  greater  part  of  the 
suspended  matter*;.  It  was  then  saturated 'with  ammonium  sul- 
phate and  the  precipitate  so  produced  was  filtered  out.  The 
potato  pulp  was  washed  with  water  and  the  washings  after 
clearing  were  also  saturated  with  ammonium  sulphate.     The 
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two  precipitates  thus  obtained  were  united,  dissolved  in  salt 
solution,  filtered  clear  and  dialyzed. 

The  washed  pulp  was  then  treated  with  ten  per  cent,  sodium 
chloride  solution  ;  the  proteid,  thus  extracted,  was  precipitated 
with  ammonium  sulphate,  dissolved  in  salt  solution,  filtered 
clear,  and  also  dialyzed.  The  globulin  precipitated  very  slowly 
on  dialysis,  and  after  fourteen  days  was  filtered  out.  The  pro- 
teid  obtained  from  the  juice  was  much  greater  in  amount  than 
that  from  the  salt  extract  of  the  pulp.  The  globulin,  from  both 
juice  and  salt  extract,  was  then  dissolved  in  salt  solution,  the 
solutions  were  united,  filtered  from  a  considerable  quantity  of 
insoluble  globulin  (rendered  insoluble  by  long  contact  with 
water),  and  the  solution  again  dialyzed.  After  freeing  from 
chlorides,  the  contents  of  the  dialyzer  were  filtered,  the  repre- 
cipitated  globulin  was  washed  with  water  and  alcohol  and  dried 
over  sulphuric  acid»  giving  preparation  i,  weighing  7.34  grams. 

The  filtrate,  from  preparation  i,  still  contained  proteid  and 
was  therefore  saturated  with  sodium  chloride,  which  completely 
precipitated  the  remaining  globulin.  This  was  then  dissolved 
in  dilute  salt  solution  and  dialyzed  in  water  until  free  from  chlo- 
rides and,  as  the  proteid  was  not  thus  precipitated,  the  dialyzer 
was  transferred  to  alcohol,  which  soon  threw  down  all  the  pro- 
teid. This  was  filtered  out,  washed  in  water  and  absolute  alco- 
hol and  dried,  giving  one-half  gram  of  preparation  2. 

The  solutions,  filtered  from  the  globulin  precipitated  by  the 
dialysis  first  described,  were  united  and,  in  order  to  obtain  the 
proteid  in  a  solution  of  smaller  volume^  the  liquid  was  saturated 
with  ammonium  sulphate,  the  precipitate  produced  was  dissolved 
in  a  little  water  and  the  clear  solution  dialyzed,  first  in  river 
water  and  then  in  distilled  water.  The  globulin  so  precipitated 
was  filtered  out,  washed  with  water  and  absolute  alcohol  and 
dried,  yielding  preparation  3,  weighing  3.40  grams.  The  fil- 
trate from  this  preparation  was  dialyzed  into  alcohol  and  the  re- 
sulting precipitate  filtered  out,  washed  with  absolute  alcohol, 
and  dried,  forming  preparation  4,  which  weighed  1.74  grams. 

The  filtrate  from  4  was  further  dialyzed  in  alcohol  and  the 
proteid  completely  precipitated  by  adding  absolute  alcohol. 
This  substance,  after  filtering  out,  washing  with  absolute  alco- 


578         THOMAS  B.  OSBORNE   AND   GEORGE   F.  CAMPBELL. 

hol  and  drying,  weighed  0.53  gram  and  formed  preparation  5. 
These  several  preparations  were  anal3'zed  after  dr>'i°g  them 
at  no®,  with  the  following  results: 

Potato  Globulin.    Tuberin. 


I. 

Osborne  and  Campbell. 
2.            3«                4- 

5- 

Ritthausen. 
I.           11. 

Carbon ....  53.62 

53-58 

53.64 

•  •  •  • 

5387 

Hydrogen .     6.80 

....        6.91 

6.83 

•  •   •  ■ 

....        7.30 

Nitrogen..  16.15 

16.29     16.36 

16.34 

16.07 

1576     15-98 

Sulphur  ..     1.22 
Oxygen  .-.  22.21 

1.27  \ 

2I.88J 

23.19 

■    ■   «  ■ 

0.86 

• . .  • 

21.99 

100.00 

100.00 

]  00.00 

100.00 

The  close  agreement  in  composition  among  our  five  fractions 
is  in  itself,  strong  evidence  that,  besides  this  globulin,  but  little 
proteid  is  present  in  the  potato.  These  five  fractious  practically 
include  the  whole  of  the  proteid  matter  dissolved  in  the  juice 
and  salt  extracts.  The  above  figures  given  by  Ritthausen  for 
the  composition  of  the  proteid,  obtained  by  coagulation  of  the 
juice  at  65°  and  76°,  are  also  in  close  agreement  with  ours, 
excepting  those  for  sulphur.  The  slightly  lower  nitrogen  con- 
tent of  the  coagulated  globulin  is  to  be  expected,  since  proteids 
generally,  if  not  always,  yield  some  ammonia  when  coagulated 
by  heat. 

The  potato  globulin,  when  heated  slowly  in  a  double  water- 
bath,  shows  a  wide  range  of  variation  in  its  coagulation  point 
depending  on  the  conditions  under  which  it  is  dissolved. 

A  solution  of  this  globulin  prepared  by  treating  a  portion  of 
preparation  i  with  ten  per  cent,  sodium  chloride  solution  and 
filtering  out  the  insoluble  matter,  became  turbid  at  56**  and  a 
flocculent  coagulum  separated  at  64**.  After  heating  some  time 
at  70°  the  coagulum  was  filtered  out  and  the  filtrate,  when  again 
tested,  gave  a  turbidity  at  72®  and  a  flocculent  coagulum  at  76^ 

Another  preparation  of  this  globulin  was  extracted,  in  the 
same  way,  with  ten  per  cent,  salt  solution,  and  the  dissolved 
proteid  was  filtered  from  the  insoluble  matter  and  precipitated 
by  saturating  the  solution  with  sodium  chloride.  The  precipi- 
tated globulin  was  washed  with  saturated  salt  solution  and 
removed  from  the  paper  mixed  with  a  considerable  quantity  of 
the  concentrated  brine.      Distilled  water  was  gradually  added 
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until  all  of  the  proteid  dissolved.  The  resulting  solution  was 
therefore  almost  completely  saturated  with  the  proteid.  This 
solution,  when  slowly  heated  in  the  double  water-bath  to  44''C., 
and  held  at  tkis  temperature  some  minutes,  became  turbid  and 
after  a  time  flocculent,  although  the  temperature  remained  per- 
fectly constant  After  raising  the  temperature  to  50^  it  was  fil- 
tered from  the  small  coagulum  which  had  formed  and  again 
heated,  turbidity  occurring  at  50^°  and  flocks  separating  at  51**. 
After  heating  some  time  at  56''  the  solution  was  filtered  from  the 
second  small  coagulum  and  again  tested.  Turbidity  occurred 
at  58^  and  flocks  separated  at  59°,  gradually  increasing  to  a  large 
coagulum  at  66^,  which  was  filtered  out.  The  filtrate  now 
became  turbid  at  63°,  flocks  forming  at  66^,  and  increasing  to  a 
considerable  coagulum  at  70"*.  The  temperature  was  raised  to 
80°  and  the  coagulum,  which  was  about  the  same  in  amount  as 
that  formed  at  66°,  was  filtered  out.  The  filtrate  gave  only  a 
trace  of  coagulum  on  boiling.  The  two  coagula  first  formed 
were  very  small  compared  with  the  last  two. 

This  test  was  then  repeated  with  the  same  solution  diluted 
with  an  equal  volume  of  water.  This  solution  was  heated  for 
some  time  at  44°,  but  remained  perfectly  clear.  The  tempera- 
ture was  then  very  slowly  increased  and  at  53^  a  turbidity  formed 
which,  however,  was  scarcely  greater  at  56°.  Above  this  tem- 
perature the  turbidity  increased  until  flocks  separated  at  62°, 
and  a  large  coagulum  formed  at  65°.  The  solution  filtered  at 
66°,  gave  a  turbidity  at  66°,  with  flocks  at  68°,  which  formed  a 
large  coagulum  on  gradually  raising  the  temperature  to  80°,  the 
filtrate  from  which  gave  no  more  coagulum  on  boiling. 

The  test  was  again  repeated  by  mixing  four  parts  of  the  same 
solution  with  one  of  water,  and  the  same  results  obtained  as 
with  the  solution  diluted  with  an  equal  volume  of  water.  This 
shows  that  within  wide  limits  the  temperature  of  coagulation 
does  not  depend  on  the  relative  quantity  of  dissolved  proteid, 
but  that  the  very  low  coagulation  point  of  the  undiluted  solution 
was  probably  due  to  the  presence  of  nearly  enough  sodium  chlo- 
ride to  cause  precipitation  oi  the  globulin.  It  will  be  noticed 
that  coagulation  of  the  proteid,  which  began  at  56°,  was  not 
completed  until  the  temperature  had  reached   at  about  80°. 
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This  does  not  necessarily  show  the  presence  of  several  proteids, 
for  such  gradual  coagulation  is  characteristic  of  most  plant 
globulins,  many  being  only  very  slowly  coagulated,  even  by 
long  boiling.'  The  coagulum  separated  by  heating  solutions  of 
this  globulin  to  75**  C.  is  very  soluble,  on  gently  warming,  in 
extremely  dilute  hydrochloric  acid,  even  acid  of  o.oi  per  cent, 
dissolving  the  substance  readily  at  4o''-50°  C.  The  coagulum 
dissolves  quickly  and  completely  in  one-tenth  per  cent,  caustic 
potash  solution  at  20^  and  in  one  per  cent,  sodium  carbonate 
solution  at  70*  C.  These  solutions  are  precipitated  by  neutrali- 
zation, but  the  substance  thrown  down  is  not  soluble  in  salt 
solutions.  The  low  heat-coagulation  point  obtained  for  the 
solution  of  the  globulin  precipitated  with  salt  and  dissolved  in  a 
minimum  quantity  of  water  is  in  accord  with  that  g^ven  by  Zol- 
ler  for  the  proteid  similarly  obtained  by  him  from  the  juice  of 
the  potato,  and  our  observations  explain  to  some  extent  the 
questions  which  he  considered  to  require  further  investigation. 

In  order  to  determine  more  definitely  whether  other  proteids 
were  present  with  the  globulin,  a  larger  quantity  of  filtered 
potato  juice,  obtained  from  potatoes  which  had  been  washed 
carefully,  but  from  which  the  skins  had  not  been  removed,  was 
saturated  with  ammonium  sulphate,  the  precipitate  was  dis- 
solved in  dilute  salt  solution,  which  was  then  filtered  and  satu- 
rated with  sodium  chloride.  The  globulin  thus  precipitated  was 
filtered  out,  the  filtrate  was  dialyzed  for  twenty-four  hours  in 
order  to  remove  a  considerable  part  of  the  salt,  and  was  then 
saturated  with  ammonium  sulphate.  The  small  quantity  of 
proteid  thus  precipitated  was  filtered  out,  dissolved  in  a  little 
dilute  salt  solution  and  sodium  chloride  added  to  complete  satu- 
ration. A  considerable  part  of  the  dissolved  proteid  was  thereby 
precipitated,  which  was  filtered  out  and  dissolved  in  dilute  salt 
solution.  The  resulting  liquid  became  turbid  on  heating  to  58* 
C.  and  flocculent  at  60"*.  The  substance  was  evidently  a  part  of 
the  globulin  which  had  escaped  precipitation  on  the  first  satura- 
tion with  salt,  probably  owing  to  the  presence  of  some  constit- 
uent of  the  juice. 

The  solution  filtered  from  the  salt  saturation  precipitate  last 

1  Chittenden  and  "M^n^th  Journal  c/  Physiology^  X7, 5*. 
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described,  was  diluted  with  two  volumes  of  water  and  then  satu- 
rated with  ammonium  sulphate.  The  proteid  thus  separated 
was  filtered  out,  dissolved  in  water,  and  found  to  yield  a  tur- 
bidity at  52^  and  a  flocculent  coagulum  at  58°,  a  coagulation 
point  not  essentially  di£Fering  from  that  of  the  globulin. 

The  whole  solution  was  then  heated  for  some  time  at  70^  C.  in 
a  water-bath,  the  coagulum  which  separated  was  filtered  out, 
and  the  filtrate,  after  removing  a  small  quantity  of  coagulum, 
which  separated  on  heating  to  75°,  was  boiled  and  found  to 
remain  clear.  This  solution  was  then  saturated  with  ammonium 
sulphate  and  the  very  small  precipitate  produced  was  filtered 
out,  dissolved  in  a  small  amount  of  water  and  tested  with  the 
following  results  :  nitric  acid  added  to  the  solution  in  the  cold 
gave  no  precipitate ;  saturation  with  sodium  chloride  gave  no 
precipitate  even  when  acetic  acid  was  added.  The  biuret  test 
was  without  result  owing  to  the  strong  brown  color  of  the  solu- 
tion. This  substance  therefore  failed  to  give  the  most  charac- 
teristic reactions  of  the  proteoses,  yet  it  must  be  considered  as  a 
proteose  since  in  its  essential  properties  it  agrees  more  closely 
with  this  class  of  proteids  than  with  any  other. 

The  experiments  made  by  ZoUer  on  the  juice  of  the  potato 
were  repeated  by  us  with  the  same  results  as  described  by  him, 
except  that  we  found  the  solution  of  the  precipitate  produced  by 
saturation  with  salt,  to  yield  a  flocculent  coagulum  at  52°,  while 
Zoller's  solution  coagulated  at  46®-48®.  It  has  already  been 
shown  that  a  solution  of  the  globulin  similarly  prepared  gave  a 
coagulum  at  44^,  and  on  dilution  with  one  volume,  as  well  as 
with  one-fourth  volume  of  water,  the  same  solution  coagulated 
at  62''.  It  is  thus  evident  that  the  temperature  of  coagulation  is 
not  to  be  depended  upon  as  a  means  of  identifying  this  proteid 
with  certainty.  The  other  reactions  described  by  ZoUer  are 
those  given  by  the  potato  globulin.  From  these  results  then  it 
would  appear  that  by  saturating  the  juice  of  the  potato  with 
sodium  chloride  the  greater  part  of  the  globulin  is  precipitated, 
but  that  a  not  inconsiderable  part  remains  in  solution .  If  this 
is  separated  by  saturation  with  ammonium  sulphate  and  the  pre- 
cipitate so  produced  is  dissolved  in  water,  a  large  part  of  this 
globulin  can  be  precipitated  by  again  saturating  with  salt.     The 
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proteid  still  remaining  in  solution  is  nearly  all  coagtdable  and 
the  solution  on  heating  behaves  exactly  like  a  solution  of  the 
globulin. 

CONCLUSION. 

The  proteids  of  the  potato  tuber  consist  of  a  globulin,  for 
which  we  propose  the  name  Tuberin,  and  a  proteose,  the  latter 
occurring  in  very  small  amount.  The  properties  of  tuberin 
were  found  to  be  as  follows  : 

It  is  precipitated  by  saturating  its  solutions  with  sodium  chlo- 
ride, sodium  sulphate,  magnesium  sulphate,  or  ammonium  sul- 
phate. By  acetic  acid  or  nitric  acid  a  precipitate  is  given 
readily  soluble  in  an  excess  of  acid  even  in  the  presence  of  salts. 
Potassium  ferrocyanide  gives  no  precipitate  until  acetic  acid  is 
added.  Mercuric  chloride  gives  no  precipitate,  but  picric  acid 
or  tannic  acid  throw  down  the  globulin.  With  the  biuret,  Mil- 
Ion's  and  the  xanthoproteic  tests  the  usual  reactions  are  given. 

Tuberin  is  soluble  in  very  dilute  saline  solutions  and  there- 
fore the  juice  of  the  potato  contains  the  greater  part  of  this  pro- 
teid. By  dialysis  it  is  precipitated  slowly  and  incompletely 
because  of  the  difficulty  of  removing  all  soluble  salts  by  this 
process.  Like  other  easily  soluble  globulins  it  readily  changes 
to  the  insoluble  modifications,  so  that  preparations  made  by 
dialysis  are  to  a  great  extent  insoluble  in  saline  solutions.  In 
contact  with  alcohol  it  very  quickly  loses  its  solubility. 

When  dissolved  in  ten  per  cent,  sodium  chloride  solution 
tuberin  shows  a  somewhat  variable  heat-coagulation  point 
depending  on  the  conditions  under  which  it  is  tested.  In  gen- 
eral a  fiocculent  coagulum  is  formed  on  heating  to  60^-65''  C. 
Coagulation  is,  however,  not  complete  until  the  solutions  have 
been  heated  for  some  time  at  So''  C.  The  composition  of  this 
globulin  was  found  from  an  average  of  several  accordant  analy- 
ses to  be : 

Tuberin. 

Carbon 53.61 

Hydrogen 6.85 

Nitrogen 16.24 

Sulphur - 1.25 

Oxygen 22.05 

100.00 
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LKGUMIN. 

UNDER  the  name  Legumin,  many  preparations,  obtained 
from  various  seeds,  have  been  described,  but  in  such 
different  and  often  conflicting  terms  as  to  leave  us  completely  in 
doubt  with  regard  to  the  nature  of  this  substance. 

This  confusion  appears  to  have  arisen  largely  through  the 
mistaken  idea,  which  formerly  was  very  generally  held,  that  all 
the  proteids  extracted  from  seeds  by  water  and  precipitated  by 
acids  are  one  atld  the  same  substance. 

The  methods  of  analysis  employed  by  the  earlier  chemists 
were  too  crude  or  uncertain  to  set  forth  the  slight  differences  in 
composition  of  the  various  plant  proteids,  and  the  difficulty  of 
making  pure  preparations  tended,  as  the  subject  was  further 
studied,  to  add  to  the  confusion.  Since  the  methods  of  analy- 
sis have  been  perfected  and  the  more  recently  developed  modes 
of  studying  proteids  introduced,  legumin  has  received  little  or 
no  attention.  In  recent  literature  legumin  is  most  commonly 
referred  to  as  a  substance  extracted  from  seeds  by  caustic  alka- 
lies, and  more  or  less  altered  by  the  action  of  the  solvent,  but 
nothing  has  been  done,  to  our  knowledge,  to  show  the  nature  of 
the  original  proteid. 

The  object  of  our  investigation  has  been  to  examine  the  seeds 
in  which  legumin  is  said  to  exist  and  to  determine  as  definitely 
as  possible  the  composition  and  character  of  this  substance. 

In  1806  Einhof*  recognized  a  proteid  in  beans  and  lentils 
which  he  considered  to  be  different  from  the  bodies  of  this  class 
previously  known. 

Braconnot'  named  this  substance  legumin. 

Noad^  prepared  and  analyzed  legumin  from  peas  and  beans. 

Norton^  prepared  legumin  from  peas,  sweet  ajmonds,  and  oats, 
and  gave  analysis  of  his  preparations. 

iFrom  the  Report  of  the  Connecticut  Agricultural  Experiment  Station  for  1895. 
Communicated  by  the  authors. 

>Gehlen8 :  y.  d.  Chrm.,  6,  543. 

•  jfnn.  de  Chim.  et  de  Pkys.,  S4i  [>]  ^.  f^^- 
•      ♦  Chem.  Gas.,  1847, 357- 

6  Am./.  Set.,  La],  5,  22, 1^7. 
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Loewenberg'  considered  that  leg^min,  as  previously  prepared, 
contained  albumin  and  devised  a  method  for  the  separation  of 
these  two  proteids  and  gave  analyses  of  the  substances  so  pre- 
pared from  almonds  and  peas. 

Liebig'  obtained  plant  casein  (legumin)  from  beans,  lentils, 
and  peas,  and  gave  an  account  of  the  properties  of  this  proteid 
and  two  analyses.  He  concluded  that  the  substance  was  iden- 
tical in  properties  and  composition  with  milk  casein. 

Dumas  and  Cahours'  prepared  legumin  from  peas,  lentils, 
beans,  almonds,  plums,  filberts,  and  white  mustard.  They  con- 
sidered all  these  seeds  to  contain  the  some  proteid  substance  ; 
that  obtained  from  the  three  first  named  seeds  being  less  pure 
than  that  from  the  others  and  therefore  containing  somewhat 
less  nitrogen. 

They  gave  analyses  of  preparations  from  all  these  seeds  and 
an  extended  account  of  the  properties  of  legumin,  based  on  a 
study  of  the  preparation  obtained  from  the  almond. 

Contrary  to  Liebig,  they  concluded  that  this  substance  is  not 
identical  either  with  milk  casein  or  plant  casein.  The  latter 
designation  they  applied  to  the  body  which  separates  out  on 
cooling  a  concentrated  hot  alcoholic  extract  of  wheat  gluten. 

Rochleder^  pointed  out  that  the  substance  obtained  from 
beans,  lentils,  and  peas  by  Liebig  was  different  from  that  of  the 
almond  described  by  Dumas  and  Cahours,  and  that  for  this  rea- 
son these  investigators  did  not  reach  the  same  conclusions. 
Rochleder  prepared  and  analyzed  legumin  from  two  varieties  of 
beans. 

In  1868  Ritthausen  undertook  a  study  of  legumin,  the  results 
of  which  are  recorded  in  a  series  of  papers  whose  publication 
extended  over  a  period  of  fifteen  years.* 

He  recognized  that  the  seeds  of  almonds,  plums,  filberts,  and 
white  mustard,  which  had  been  previously  stated  to  yield  legu- 
min, really  contain  a  different  proteid,  which  he  cMed  cong-luh'n. 

1  Ann.  Fh\i.,  Pogg..  78,  327. 

-  Ann.  d.  Chem.  «.  Pfiarm.,  39,  138. 

'^J.prakt.  Chem.,  a8.  398. 

*  Ann.  d.  Chem.  u.  Pharm.,  46,  155. 

5  y.  prakt.  Chem.,  I03»  65,  1868:  Die  Eiweisskorpcr,  etc.,  Bonn.,  \8i»  ;  Pflager's 
Archiv..  15,  269,  7,577:  Ibid,  16,  293,  1878:  Ibid,  x8,  236,  1781 ',' J. prakt,  Chem.^  [a],  S4,  221, 
iSSi :  Ibid,  [2].  a6,  504,  /SS2. 
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Up  to  this  time  legumin  was  considered  to  be  the  proteid  that  is 
extracted  from  seeds  with  water  and  is  precipitated  by  acids 
from  the  aqueous  extract. 

All  proteids  thus  obtained  had  been  regarded  as  identical  by 
most  investigators  and  were  known  either  as  legumin  or  plant 
casein.  Although  it  had  been  suggested  that  different  seeds 
yield  different  proteids,  Ritthausen  appears  to  have  been  the 
first  to  make  this  fact  evident.  Ritthausen  prepared  **  legumin' ' 
from  blue  lupins,  yellow,  green,  and  gray  field  peas,  yellow 
garden  peas,  lentils,  vetches,  horse  beans  (Vicia  faba),  white 
and  yellow  beans  (Phaseolus)  and  colza  cake.  The  proteid  of 
Phaseolus,  Ritthausen  afterwards  found  to  be  distinct  from  legu- 
min, and  one  of  us  has,  in  the  main,  confirmed  his  later  result 
and  has  named  the  proteid  phaseolin.*  Ritthausen  afterwards 
considered  the  proteid  which  he  obtained  from  colza  cake  to  be 
an  impure  preparation  of  a  different  substance.  His  early  analy- 
ses* of  preparations  from  the  leguminous  seeds  were  fairly 
accordant,  but  he  afterwards  found  that  the  soda  lime  method 
which  was  used  in  determining  nitrogen  gave  too  low  results. 
He  thereupon  determined  nitrogen  anew  by  Dumas'  method, 
and  published  a  revised  statement  of  the  mean  composition  of 
legumin.' 

In  another  paper  published  shortly  afterwards,  Ritthausen 
withdrew  the  corrected  figures  for  nitrogen,  having  found  that 
they  were  too  high,  because  the  nitrogen  of  his  later  analyses 
was  mixed  with  hydrogen.  He  therefore  published  a  third  set 
of  figures  for  nitrogen  and.  made  a  second  revised  statement  of 
the  mean  composion  of  legumin.^ 

At  this  time  Hoppe-Seyler*  and  Th.  Weyl*  stated  that  the 
proteids  of  plants  are  chiefly  globulins  and  Weyl  examined 
qualitatively  a  number  of  seeds,  by  extracting  then  with  ten  per 
cent,  sodium  chloride  solution,  and  found  proteids  resembling 
in  their  reactions  animal  myosin  and  vitellin.     They  asserted 

1  Report  of  the  Conn.  Agricultural  Experiment  Station.  1893,  p.  1S6.  and  This  Jour- 
nal, 16,633. 

«  Die  Biweisskdrper,  etc.,  Bonn..  1872.  pp.  159, 176. 
»  Pfliiger,  Archiv..  16,  293, 1877- 
4  Pfiiiger,  Archiv..  18.  236. 1^78. 
»  Physiol,  Oumie.y  p-  75- 
•  Ztschr.  phys.  Chem.f  i.  72. 
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that  the  substance  called  legumin  by  Ritthausen  was  doubtless 
originally  a  globulin  and  that  the  preparations  of  this  substance 
described  and  analyzed  by  him  were  altered  by  the  alkali  which 
he  used  in  extracting  them  and  were  not  the  proteids  originally 
contained  in  the  seeds.  Ritthausen  contended  strongly  against 
this  view  and  maintained  that  his  preparations  were  wholly 
unaltered  by  the  alkali.  He  extracted  several  kinds  of  seeds 
with  salt  solution,  precipitated  the  proteid  by  dilution  with 
water  and  found  that  the  preparations  of  legumin  so  made  were 
not  essentially  different  in  composition  from  those  obtained  by 
extracting  with  dilute  potash  water.'  He  then  examined  his 
older  preparations,  made  by  extracting  the  seeds  with  weak 
alkali  and  showed  that  they  were  to  a  very  considerable  extent 
soluble  in  salt  solution.  The  substance  thus  extracted  had,  in 
many  cases,  a  different  composition  from  that  of  the  original 
preparation,  and  Ritthausen  then  concluded  that  all  the  prepa- 
rations which  he  had  previously  described  as  legumin  were,  in 
fact,  mixtures  of  the  two  proteids,  one,  soluble  in  salt  solution 
after  dissolving  in  potash  water  and  precipitating  with  acid, 
similar  to,  but  distinct  from  conglutin,  and  the  other  originally 
soluble  in  salt  solution  but  rendered  insoluble  in  that  fluid  by 
treatment  with  alkalies.     This  latter  he  called  legumin. 

He  then  purified  the  legumin  by  extracting  the  mixed  pro- 
teids from  the  seed  with  dilute  alkali,  neutralizing  with  acid, 
extracting  the  precipitate  so  produced  with  sodium  chloride 
solution  to  remove  proteids  soluble  in  that  fluid  and  then  redis- 
solving  the  residue,  consisting  mostly  of  legumin,  in  dilute 
alkali  and  reprecipitating  with  acetic  acid. 

Two  preparations  were  so  obtained,  one  from  the  pea  and 
another  from  the  horse  bean  (  Vidafaha), 

Ritthausen  regarded  his  study  of  these  preparations  as  show- 
ing that  the  substance  from  Vidafaba  was  a  compound  of  tan- 
nic acid  with  the  salt  soluble  proteid  and  that  it  was  doubtful 
whether  the  horse  bean  contains  legumin  at  all. 

The  preparation  from  the  pea  he  finally  considered  to  be  legu- 
min, having  the  following  composition  : 

^J.prakt.  Chem.,  36,504. 
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Lbgumin  of  PbA|  Ritthausbn. 

Carbon 5X«34 

Hydrogen 6.98 

Nitrogen 17.48 

Sulphur 0.45 

Oxygen 22.75 

100.00 

This  analysis  represents  the  composition  of  legumin  not  in  its 
original  condition,  but  so  altered  as  to  be  insoluble  in  saline 
solutions.  Of  the  reactions  of  legumin  we  know  little  more  than 
that  it  dissolves  in  salt  solution  and  is  precipitated  by  diluting 
with  water. 

In  the  following  pages  we  give  the  outcome  of  our  recent 
investigation  into  the  composition  and  properties  of  legumin  as 
contained  in  the  seeds  of  the  pea  and  the  vetch. 

Here,  as  in  former  papers,  we  have  described  our  procedure 
with  considerable,  perhaps  unnecessary,  detail,  but  having  often 
experienced  great  difficulty  in  understanding  and  repeating  the 
work  of  our  predecessors  because  of  the  vagueness  of  their  state- 
ments, we  have  endeavored  to  describe  our  methods  and  results 
so  fully  and  accurately  that  any  who  may  wish  to  review  our 
investigations  experimentally  may  find  it  practicable  to  do  so. 

I.    PROTEIDS  OF  THE   PEA. 

One  hundred  grams  of  garden  peas  ground  to  pass  a  sieve  of 
one  mm.  mesh  were  extracted  with  petroleum  naphtha  to  remove 
oil,  then  dried  by  exposure  to  the  air,  and  finally  treated  with 
one  liter  of  ten  per  cent,  sodium  chloride  solution.  As  the  very 
viscid  extract  could  scarcely  be  filtered  through  paper,  an  equal 
volume  of  ten  per  cent,  sodium  chloride  solution  was  added,  and 
after  some  time  one-half  the  solution  passed  the  filter  clear. 
This  was  saturated  with  ammonium  sulphate,  the  resulting  pre- 
cipitate was  filtered  out,  dissolved  in  salt  solution,  and  the 
liquid  dialyzed  free  from  chlorides.  The  proteid  separated,  as 
do  all  vegetable  globulins  thus  far  observed,  in  spheroids.  No 
distinct  crystals  could  be  detected  in  this  or  any  of  our  prepara- 
tions from  the  pea.  When  the  chloride  had  been  removed  by 
dialysis  the  precipitate  was  filtered  out,  washed  with  water  and 
alcohol,  dried  over  sulphuric  acid,  and  found  to  weigh  three 
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and  a  half  grams,  being  about  seven  per  cent,  of  the  meal. 
Dried  at  no''  this  preparation  was  analyzed  with  the  following 
results  : 

PBA  LBGUMIN,  I. 

Carbon 52.03 

Hydrogen 6.96 

Nitrogen 17.98 

^"^P^"^ }     23.03 

Oxygen ' 

100.00 
Ash 0.41 

Another  preparation  was  made  by  extracting  500  grams  of 
pea  meal  with  three  liters  of  ten  per  cent,  sodium  chloride  brine 
and  after  allowing  the  mixture,  protected  with  thymol,  to  stand 
three  days  in  a  cool  place,  1500  cc.  of  the  extract  were  decanted. 
Although  very  turbid,  this  was  saturated  with  ammonium  sul- 
phate without  filtering,  and  the  precipitate  produced  was  filtered 
out  and  dissolved  in  brine.  The  resulting  solution  was  then 
filtered  without  much  trouble  and  the  clear  filtrate  dialyzed 
free  from  chlorides.  After  washing  and  drying  the  globulin 
thus  precipitated,  and  amounting  to  ten  grams  or  about  five  per 
cent,  of  the  meal,  had  the  following  composition  : 

Pba  Lbgumin,  2. 

I.  II.  Average. 

Carbon 52.08  52. 19  52. 14 

Hydrogen 7.06  6.95  7.01 

Nitrogen 18.01  17.91  17.96 

Sulphur 0.49  -  • . .  0.49 

Oxygen •  •  •  -  22.40 

100.00 
Ash 0.33 

In  order  to  obtain  larger  quantities  of  this  proteid  for  frac- 
tional precipitations  800  grams  of  pea  meal  were  treated  with 
four  liters  of  twenty  per  cent,  sodium  chloride  solution,  and  by 
draining  on  filters  over  night  about  one*half  the  solution  applied 
to  the  meal,  or  two  liters,  was  obtained  as  a  clear  yellow  filtrate, 
which  was  saturated  with  ammonium  sulphate,  but  for  a  reason, 
then  unknown,  very  little  proteid  separated.  Dilute  acetic  acid 
saturated  with  ammonium   sulphate  was  then  added  in  small 
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amount  and  the  proteid  separated  as  a  flocculent  precipitate. 
This  was  filtered  out  and  in  order  to  remove  the  acid  as  com- 
pletely as  possible  the  precipitate  was  suspended  in  about  four 
liters  of  saturated  ammonium  sulphate  solution  and  again  filtered 
out.  The  precipitate  was  then  dissolved  in  ten  percent,  sodium 
chloride  solution  and  calcium  carbonate  added  to  neutralize  the 
acid  retained  by  the  proteid.  The  solution  then  reacted  alka- 
line with  litmus  owing  to  ammonium  carbonate  set  free  from  the 
sulphate.  The  solution  was  next  filtered  very  nearly  clear  and 
dialyzed  until  a  large  precipitate  had  formed.  This  precipitate 
was  filtered  out,  dissolved  in  salt  solution,  filtered  clear  and 
dialyzed  free  from  chlorides.  The  precipitated  globulin  was 
washed  with  water  and  alcohol  and  dried  over  sulphuric  acid, 
giving  fifty-two  grams,  in  whose  analysis,  after  drying  at  no**, 
the  following  figures  were  obtained : 

Pea  Lbgumix,  3. 

I.  II.  Average. 

Carbon 52.30  52.27  52.29 

Hydrogen 7.06  6.98  7.02 

Nitrogen 17-72  17*79  ^7-7^ 

Sulphur 0.30  ....  0.30 

Oxygen '          ....  22.63 

100.00 
Ash •  0.53 

The  solution  filtered  from  this  substance  after  its  first  precipi- 
tation by  dialysis  was  saturated  with  ammonium  sulphate,  the 
resulting  precipitate  filtered  out  and  dissolved  in  a  little  water, 
filtered  clear  and  dialyzed.  After  removing  the  greater  part  of 
the  salts  by  dialysis  the  precipitated  globulin  was  filtered  out, 
treated  in  the  usual  manner,  and  gave  14.2  grams  of  preparation 
4,  having,  when  dried  at  no**,  the  following  composition: 

Pba  Proteid,  4. 

I.  II.  Average. 

Carbon 52.50  ....  52.50 

Hydrogen 6.74  ....  6.74 

Nitrogen 16.83  16.76  16.80 

Sulphur 0.49  ....  0.49 

Oxygen 23.73 

100.00 
Ash 0.33 
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Preparation  3,  when  dissolved  in  ten  per  cent,  salt  solution, 
was  found  to  become  turbid  at  97°  and  after  long  heating  in  a 
boiling  water-bath  slowly  developed  a  coaguium.  Preparation 
4  contained  a  considerable  quantity  of  proteid  coagulating  at  a 
much  lower  temperature.  It  was  accordingly  dissolved,  as  far 
as  possible,  in  a  little  ten  per  cent,  salt  solution  and  the  insolu- 
ble matter  filtered  out.  The  clear  filtrate  was  diluted  with  dis- 
tilled water  until  the  solution  contained  0.66  per  cent,  of  salt, 
when  a  not  inconsiderable  precipitate  formed,  which  was  filtered 
out  and  the  filtrate  saturated  with  ammonium  sulphate.  This 
produced  a  relatively  abundant  precipitate,  which  was  filtered  out 
and  dissolv^ed  in  water.  This  solution,  on  heating,  became  tur- 
bid at  52°,  and  on  keeping  for  some  time  at  this  temperature  a 
minute  quantity  of  flocks  separated.  Filtered  at  56**,  turbidity 
occurred  again  at  62**  and  a  few  flocks  formed  at  66**.  Filtered 
at  67"*,  the  solution  became  turbid  at  70°,  the  turbidity  increas- 
ing above  75®  to  a  heavy  flocculent  coaguium  at  79*. 

It  is  evident  from  these  results  that  we  have  in  preparation  4 
at  least  two  proteids,  one  coagulating  at  79**,  the  other  being  only 
slowly  and  imperfectly  coagulated  at  99**- 100°;  the  former  is 
readily  soluble  in  very  dilute  salt  solutions,  the  latter  only 
slightly  soluble  in  solutions  containing  less  than  one  per  cent,  of 
salt.  The  filtrate  from  preparation  4  was  dialyzed  in  water,  but 
as  no  more  globulin  separated,  the  dialyzer  was  transferred  to 
alcohol  and  the  proteid  thus  completely  thrown  down.  After 
washing  with  absolute  alcohol  and  drying  over  sulphuric  acid 
12.31  grams  of  substance  were  obtained.  This,  of  course,  was  a 
mixture  of  all  the  proteids  extracted  from  the  pea  which  had 
not  been  precipitated  by  dialysis  in  water.  It  was  therefore 
treated  with  two  per  cent,  salt  solution,  a  large  quantity  of  pro- 
teid which  had  been  coagulated  by  the  alcohol  was  filtered  out, 
washed  with  water,  with  dilute  and  absolute  alcohol,  and 
dried  over  sulphuric  acid.  This  preparation,  5,  weighed  7.45 
grams,  and  gave  the  following  results  when  analyzed,  after  dry- 
ing at  1 10'' 
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Pea  Protbid»  5. 

I.  II..  Average. 

Carbon 53.40  53.26  53.33 

Hydrogen 6.92  7.03  6.98 

Nitrogen 16.19  16.09  16.14 

Sulphur i.oo  ••'•  i.oo 

Oxygen ....  22.55 

100.00 
Ash 0.32 

The  filtrate  from  5  was  saturated  with  ammonium  sulphate, 
whereupon  a  small  gummy  precipitate  appeared  which  was  fil- 
tered out  and  dissolved  in  a  small  quantity  of  water.  This  solu- 
tion when  heated  became  turbid  at  49^  and  flocculent  at  60^;  fil- 
tered at  75**,  turbidity  occurred  on  heating  again  to  72**  and 
flocks  formed  at  79**.  After  heating  to  about  90**  no  more  pro- 
teid  was  coagulated  by  boiling.  The  solution  now  contained  a 
very  small  quantity  of  proteose. 

Since  acetic  acid  was  used  to  separate  the  substance,  from 
which  3,  4  and  5  were  obtained,  from  the  ammonium  sulphate 
solution,  it  was  necessary  to  obtain  more  of  the  proteids  without 
the  use  of  acid.  It  was  found  that  the  incomplete  precipitation 
by  ammonium*  sulphate  was  due  to  the  use  of  twenty  per  cent, 
sodium  chloride  solution,  in  which  less  ammonium  sulphate  dis- 
solves than  in  a  ten  per  cent,  salt  solution,  not  enough,  in  fact, 
to  completely  precipitate  the  proteid.  The  meal  residue  was 
therefore  treated  with  water  enough  to  reduce  the  strength  of 
the  salt  solution  still  adhering  to  it  to  about  ten  per  cent.  A 
further  considerable  quantity  of  nearly  clear  extract  was  thus 
obtained,  which,  when  saturated  with  ammonium  sulphate, 
readily  and  completely  parted  with  the  proteid.  This  was  fil- 
tered out,  dissolved  in  ten  per  cent,  brine,  the  solution  filtered 
perfectly  clear  and  dialyzed.  After  a  large  quantity  of  globulin 
had  separated  in  the  dialyzer  its  contents  were  filtered  off,  the 
precipitate  was  dissolved  in  ten  per  cent,  salt  solution  and  treated 
in  exactly  the  same  way  as  3  had  been.  This  preparation,  6, 
weighed  37.5  grams  and,  dried  at  no'',  had  the  following  com- 
position : 
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PBA  LBGtTMIN,  6. 

I.  II.  Average. 

Carbon 52.37                52.37 

Hydrogen 6.90  •  •  •  •  6.90 

Nitrogen 17.95  17-95  17-95 

Sulphur 0.39  - .  ■ .  0.39 

Oxygen '  •  •  •  •  •  •  •  •  22.39 

100.00 
Ash 0.28 

The  filtrate  from  the  first  precipitation,  by  dialysis,  of  this 
substance,  when  saturated  with  ammonium  sulphate  gave  a  pre- 
cipitate which  was  dissolved  in  a  little  water  and  the  resulting 
solution  was  filtered  clear  and  dialyzed.  After  most  of  the  salts 
were  thus  removed  the  separated  globulin  was  filtered  out, 
washed  and  dried,  and  gave  2.44  grams  of  preparation  7,  having 
the  following  composition,  when  dried  at  110°: 

Pea  Proteid,  7. 

I.                             II.  Averaffc. 

Carbon 52.09  52.02  52.06 

Hydrogen 6.96                    7.08  7.02 

Nitrogen  16.75  16.57  16.66 

Sulphur 0.55  •            0.55 

Oxygen •  •  •  •  23.71 

100.00 
Ash 0.20 

This  analysis  is  in  fair  accord  with  that  of  the  similarly  ob« 
tained  preparation  4. 

The  filtrate  from  7  was  dialyzed  into  alcohol  and  then  abso- 
lute alcohol  was  added  to  the  solution  until  all  the  proteids  sep- 
arated. The  precipitate  thus  produced  was  filtered  out,  washed 
with  absolute  alcohol,  dried  over  sulphuric  acid  and  found  to 
weigh  7.1  grams.  Since  this  preparation  might  be  a  mixture  of 
any  unprecipitated  globulin,  with  albumin  and  proteose,  if  these 
were  present,  it  was  treated  with  water  and  the  considerable 
quantity  of  proteid  coagulated  by  alcohol  was  filtered  out,  washed 
thoroughly  with  water  and  then  with  absolute  alcohol  and  dried 
over  sulphuric  acid.  This  gave  4.05  g^ms  of  preparation  8, 
which,  when  dried  at  no'',  had  the  following  composition: 
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Pea  Proteid,  8. 

I.  II.  Avtngt. 

Carbon 53.60  53.47  5354 

Hydrogen 6.99  6.98  6.99 

Nitrogen 16.72  16.65  16.69 

Snlphur i.oi  i.oi 

Oxygen ....  21.77 

100.00 
Ash 0.32 

The  analysis  of  8  agrees  well  with  that  of  5  and  it  is  probiable 
that  these  figures  pretty  nearly  represent  the  composition  of  a 
second  proteid  (globulin  or  albumin)  readily  soluble  in  very 
dilute  salt  solutions. 

Having  thus  found  evidence  of  the  presence  of  at  least  two 
proteids  in  the  pea  extract,  one  less  soluble  than  the  other  in 
very  dilute  salt  solutions,  it  became  necessary  to  subject  the  less 
soluble  and  more  abundant  globulin  to  thorough  fractioning  in 
order  to  learn  whether  it  was  homogeneous  or  a  mixture. 

Twenty-five  g^ams  of  3  were  therefore  dissolved  in  250  cc.  of 
five  per  cent,  sodium  chloride  solution,  filtered  clear  and  the  fil- 
ter washed  with  fifty  cc.  of  the  same  salt  solution.  A  portion  of 
the  preparation  had,  as  is  usually  the  case  with  vegetable  glob- 
ulins when  dried,  passed  into  an  insoluble  form.  This  insoluble 
matter  when  treated  with  salt  solution  gave  a  gummy  residue, 
which  was  difficult  to  filter  out.  No  estimate  of  the  amount  of 
this  substance  could  be  made. 

The  clear  salt  solution  of  the  globulin  was  diluted  with  twice 
its  volume  of  water,  making  750  cc.  of  a  1.67  per  cent,  solution 
of  sodium  chloride.  After  standing  over  night  the  proteid  which 
had  precipitated  on  dilution  was  collected  on  a  filter,  washed 
with  water  and  alcohol  and  dried  over  sulphuric  acid.  Prepa- 
ration 9  was  so  obtained,  weighing  five  and  one  tenth  grams 
and  having,  when  dried  at  1 10®,  the  composition  given  below. 

The  solution  filtered  from  this  substance  was  treated  with  an 
equal  volume  of  water  making  1500  cc.  of  a  brine  containing 
0.84  per  cent,  of  salt,  from  which  after  standing  some  time  a 
part  of  the  proteid  separated  as  a  viscid  layer  at  the  bottom  of 
the  beaker.      The  solution  was  decanted  and  the   precipitate 
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washed  and  dried  in  the  usual  manner.  This,  lo,  weighed  5.29 
grams.  The  decanted  liquid  was  then  dialyxed  free  from  salt 
and  the  precipitated  globulin  treated  in  the  usual  manner,  giv- 
ing 1 1  y  weighing  4. 10  grams.  About  three-fifths  of  the  original 
substance  was  thus  recovered  in  three  nearly  equal  fractions. 
The  other  two-fifths  consisted  largely  of  insoluble  globulin.  The 
composition  of  the  fractions  so  obtained  was  as  follows  : 

Pea  Lkgumin,  Fractions  of  3. 


9- 

10. 

II. 

I. 

II.     Averagre. 

I. 

II.     Average. 

I. 

II.    Averaffe, 

Carbon  • .  52.49 

52.23     52.36 

52.31 

52.09     52.20 

52.25 

52.25     52.25 

Hydrogen   7. 11 

7.10       7.II 

7.09 

6.92       7.01 

7.08 

....       7.08 

Nitrogen.  17.96 

18.05    i^-oi 

17.98 

17.96     17.97 

17.88 

17.84     17.86 

Sulphur*.   0.35 

•  •  •  •        0.35 

0.35 

....       0.35 

•  •  «  • 

'■"\22Jil 

•  ■  •  ■      ' 

Oxygen 

....      22.17 
100.00 

....     22.47 
100.00 

•  •  •  • 

100.00 

Ash 

0.22 

0.61 

0.20 

Again,  twenty-five  grams  of  preparation  6  were  dissolved  in 
250  cc.  of  five  per  cent,  brine,  the  solution  filtered,  the  residue 
washed  with  fift}'  cc.  of  the  same  brine  and  the  clear  filtrate  di- 
luted with  one  and  a  half  volumes  of  water,  thus  giving  a  two 
per  cent,  salt  solution.  After  standing  over  night  the  precipi- 
tate was  filtered  out,  washed  with  water  and  alcohol  and  dried 
over  sulphuric  acid.  Preparation  12  so  obtained  weighed  8.58 
grams. 

The  filtrate  from  12,  on  adding  an  equal  volume  of  water  and 
treating  the  precipitate  as  just  described,  yielded  13,  weighing 
2.84  grams. 

The  filtrate  from  13,  dialyzed  free  from  salt,  gave  14,  weigh- 
ing four  and  two  tenths  grams. 

Pe.\  Lkgumix,  Fractions  of  6. 

12.  13.  14. 

I.  II.     Avermife.  I.  n.     Avertgv. 

Carbon 52.26      52.26  52.08      52.01  52.02    52.02 

Hydrogen 6.96      ....       6.96  7.04        --.•       7.20      7.20 

Nitrogen 17.96    18.06     18.01  17.88      17.81  18.03    17.92 

Sulphur 0.44      ....       0.44  \ 

Oxygen 22'.33  i 


23.00 


""I23.86 

• .  •  •  1 


100.00     100.00  100.00 

Ash 0.40         0.19  0.17 
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Comparing  the  analyses  of  these  fractions  with  each  other  and 
with  that  of  the  original  substance,  it  is  plain  that  they  all  rep- 
resent a  single  proteid. 

SI7MMA.RY  OF  ANALYSES  OF  PSA  LBGUMIN. 

I.  2.  3.  6.  9.  10.  II. 

Carbon 52.03      52.14      52.29      52.37      52.36      52.20      52.25 

Hydrogen  ••     6.96        7.01        7.02        6.90        7. 11        7.01        7.08 

Nitrogen...  17.98      17.96      17.76      17.95      18.01      17.97      I7'8^ 

Sulphur.. -»  0.49       0.30       0.39       0.35        0.351        g 

Oxygen-./     ^'  "^     22.40      22.63      22.39      22.17      22.47/ 

100.00    100.00    100.00    100.00    ioo.cx>    100.00    100.00 

12.  13.  14.  Average. 

Carbon 52.26  52.08  52.02  52.20 

Hydrogen..     6.96  7.04  7.20  7.03 

Nitrogen...    18.01  17.88  17.92  17.93 

Sulphur...    0.44)    ^,  ,^       ^^  QA      ^^  MB 
r\  ^^TZ  r    23.00       22.00       22.45 

Oxygen 22.33  /     '^ 

100.00     100.00    xoo.oo    100.00 

Ritthausen  obtained  from  peas  by  extraction  with  salt  solu- 
tion and  precipitation  with  water  two  preparations,  the  analyses 
of  which  are  given  below,  A  and  B.* 

By  treating  peas  with  very  weak  potash  water,  adding  acid  to 
neutralization,  extracting  the  precipitate  thus  produced  with 
salt  solution  and  filtering  out  the  insoluble  matter,  he  obtained 
a  solution  from  which,  by  adding  water,  a  precipitate  was 
thrown  down  whose  composition  is  given  below  under  C. 

Pea  Legumin. 

Ritthausen.  Osborne  &  Campbell. 

/ ^ »    Averagre  of  18  analyses 

A.  B.  C.  on  10  preparations. 

Carbon 52.83      51.6^      51.62  52.20 

Hydrogen 7.27        7.08        6.96  7.03 

Nitrogen 17.26      17.23      18.26  17.90 

1%'^^. ::::::  }j-^4  j4^  ^ij      j^ 

100.00    100.00    100.00  100.00 

Ritthausen's  preparation  C  agrees  fairly  well  with  the  average 
of  our  results.     The  preparations  extracted  directly  from  peas 

ly.  prakt.  Chem.,  a6.  504. 
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by  salt  solution  would  appear  to  be  the  same  substance  bat  less 
pure.  We  see  no  ground  for  Ritthausen's  idea  that  his  older 
preparations  were  mixtures  of  two  proteids  both  originally  solu- 
ble in  salt  solution,  one  of  which,  legumin,  is  rendered  insoluble 
in  salt  solution  by  treatment  with  alkalies.  It  is  much  more 
probable  that  a  part  of  the  globulin  in  his  preparations  had 
assumed  the  insoluble  condition  during  the  process  of  separating 
since  nearly  all  globulins,  to  a  greater  or  less  extent,  are  prone 
to  this  change.  The  difference  in  composition  between  Ritt- 
hausen's  original  ''  legumin  ''  and  the  substance  extracted  from 
it  by  salt  solution  is  doubtless  due  to  the  greater  purity  of  the 
latter.  This  view  is  supported  by  the  close  agreement  in  com- 
position of  this  substance  with  those  extracted  by  us  directly 
from  the  pea.  For  this,  the  chief  proteid  of  the  pea,  it  is  proper 
to  retain  the  name  Legumin  first  proposed  by  Braconnot. 

The  properties  of  legumin  are  as  follows : 

In  water  it  is  entirely  insoluble. 

In  ten  per  cent,  sodium  chloride  solution,  when  freshly  pre- 
pared and  not  dried,  it  is  readily  soluble,  but  after  washing  with 
alcohol  and  drying  over  sulphuric  acid,  more  or  less  becomes  in- 
soluble in  salt  solution.  Dissolved  in  ten  per  cent,  sodium 
chloride  solution  legumin  is  not  precipitated  by  saturating  the 
solution  with  magnesium  sulphate,  or  sodium  chloride.  Satu- 
rated with  sodium  sulphate  at  20**,  no  precipitate  is  produced ; 
saturated  at  25®,  a  turbidity  appears;  but  saturated  with  sodium 
sulphate  at  34°,  all  but  a  trace  is  thrown  out  of  solution.  By 
saturation  with  ammonium  sulphate  at  common  temperatures  it 
is  completely  precipitated. 

Dissolved  in  salt  solution,  legumin  is  not  precipitated  by  mercu- 
ric chloride  but  gives  a  heavy  precipitate  on  adding  either  pic- 
ric, tannic,  hydrochloric,  nitric,  sulphuric,  or  acetic  acid. 

In  water  containing  a  very  small  quantity  of  acid,  legumin 
readily  dissolves  and  is  precipitated  by  adding  sodium  chloride. 
It  is- readily  soluble  in  dilute  alkalies  and  alkali  carbonates. 

Adding  to  its  solution  glacial  acetic  acid  and  concentrated 
sulphuric  acid,  a  violet  color  is  produced.  With  cupric  sul- 
phate and  caustic  potash,  after  standing,  a  crimson  red  color 
appears,  almost  as  red  as  that  given  by  peptones.     With  Mil- 
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Ion's  and  the  xantroprotein  tests  the  usual  reactions  are  given. 
When  dissolved  in  ten  per  cent,  sodium  chloride  solution  and 
gradually  heated,  the  solution  becomes  turbid  at  97°  and  on  long 
heating  in  a  boiling  water- bath,  a  coagulum  gradually  sepa- 
rates. 

II.    PROTEIDS  OF  THE  VETCH. 

One  hundred  grams  of  finely  ground  meal  of  the  seed  of  the 
common  vetch  (  Vicia  sativa)  were  treated  with  water  and  the 
extract,  after  filtering  clear,  was  saturated  with  ammonium  §ul- 
phate.  The  small  precipitate  thereby  produced  was  filtered  out 
and  dissolved  in  water  ;  the  resulting  solution  was  filtered  clear 
and  dialyzed  until  free  from  chlorides.  The  globulin  thus  pre- 
cipitated, after  washing  with  water  and  with  alcohol,  weighed 
1.04  grams.  The  meal  residue  was  then  treated  repeatedly 
with  ten  per  cent,  sodium  chloride  solution  and  after  filtering 
clear  the  extract  was  saturated  with  ammonium  sulphate,  the 
precipitated  proteid  filtered  out  and  disssolved  in  brine.  The 
resulting  solution  was  filtered  clear  and  dialyzed  until  free  from 
chlorides.  The  globulin  thus  precipitated,  when  washed  with 
water  and  alcohol,  and  dried  over  sulphuric  acid,  weighed  five 
grams.  When  dried  at  110°  this  preparation,  15,  had  the  fol- 
ing  composition  : 

Vetch  Legumin,  15. 

Carbon    52.45 

Hydrogen 6.98 

Nitrogen 18.04 

Sulphur • 0.50 

Oxygen 22.03 

100.00 
Ash 0.27   • 

The  meal  residue  was  next  treated  with  two-tenths  per  cent, 
potash  water,  the  extract  filtered  clear  and  neutralized  with 
very  dilute  hydrochloric  acid  ;  the  precipitate  thus  produced 
was  dissolved  in  two-tenths  per  cent,  potash  water,  the  clear 
solution  was  neutralized  with  dilute  hydrochloric  acid  and  the 
precipitated  proteid  washed  with  water  and  alcohol  and  dried. 
This  preparation,  16,  weighed  four  and  four-tenths  grams  and 
gave  the  following  results  on  analysis  : 
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Vetch  Protbid,  i6. 

I                    II.  Average. 

Carbon 52.43           52.43  52.42 

H^^drogen 7.13             7.02  7.07 

Nitrogen 16.55             ....  16.55 

Sulphur \  .,  ,^ 

Ox/gcn / ^3.96 

100.00 
Ash 0.74 

Pour  kilograms  of  vetch  meal  were  next  treated  with  twelve 
liters  of  ten  per  cent,  sodium  chloride  brine  and  the  residue 
washed  with  the  same  solution.  The  extract  and  washings 
were  partly  cleared  by  subsidence,  then  saturated  "with  ammo- 
nium sulphate.  The  precipitate  so  produced  was  dissolved  in 
brine,  but  the  resulting  solution  was  very  difficult  to  filter.  The 
greater  part  of  the  suspended  impurities  was  removed  by  pass- 
ing the  extract  through  a  loose  bed  of  filter  paper  pulp  and  the 
proteid  was  again  separated  by  saturation  with  ammonium  sul- 
phate. This  precipitate  was  dissolved  in  brine  and  the  solution, 
kept  cold,  then  filtered  perfectly  clear.  This  solution  was 
dialyzed  in  two  portions,  D  and  £.  After  nearly  freeing  from 
chlorides,  a  large  precipitate  formed  in  each  dialyzer,  which  was 
filtered  out.  That  obtained  from  £  was  washed  with  water  and 
with  alcohol  as  long  as  any  coloring  matter  was  extracted,  and 
was  then  dried  over  sulphuric  acid  giving  120  grams  of  a  slightly 
pink  powder,  which  will  be  designated  F.  That  from  D  was 
redissolved  in  ten  per  cent,  sodium  chlorine  brine,  the  solution 
filtered  perfectly  clear  and  dialyzed  until  free  from  chlorides. 
All  but  a  trace  of  proteid  was  thus  thrown  down.  The  precipi- 
tate was  washed  thoroughly  with  water  and  with  alcohol  and 
dried  over  sulphuric  acid,  yielding  preparation  17,  which  weighed 
ninety  grams  and  was  very  slightly  colored.  After  drying  at 
no'',  this  preparation  had  the  following  composition  : 

Vetch  Lbgumin,  17 

I.  II.  Average. 

Carbon 51.98  51.97  51.98 

Hydrogen 6.94  6.89  6.92 

Nitrogen 17.96  18.00  17.98 

Sulphur - 0.45  ....  0.45 

Oxygen ....  22.67 

100.00 
Ash 0.20 
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The  filtrates  from  the  first  dialysis  of  solutions  D  and  E  were 
separately  saturated  with  ammonium  sulphate,  the  precipitates 
obtained  were  dissolved  in  water  and  the  solutions  filtered  and 
dialyzed.  The  precipitate  from  D,  thrown  down  by  dialysis, 
was  redissolved  in  salt  solution  and  again  precipitated  by  dialy- 
sis. The  two  preparations  of  globulin  thus  obtained  were 
washed  with  water  and  with  alcohol  and  dried  over  sulphuric 
acid,  that  from  D  weighed  4.11  grams,  forming  preparation  18, 
and  that  from  E  gave  preparation  19,  weighing  7.67  grams.  On 
analyzing  these  preparations,    dried  at    iio^,    the    following 

results  were  obtained : 

Vetch  Lbgumin. 

18.  19. 

Carbon 52.21  52.18 

Hydrogen 6.82  6.82 


Nitrogen 17.99  I7'99 

Sulphur 0.37  0.36 

Oxygen 22.61  22.65 


100.00  xoo.oo 

Ash*. 0.23  0.12 

The  filtrate  from  the  first  precipitation  by  dialysis  of  18  was 
united  with  the  filtrate  from  19  and  the  heat  coagulation  point 
determined  in  a  portion  of  the  solution,  in  which  ten  per  cent, 
of  sodium  chloride  had  been  dissolved.  This  solution  became 
turbid  at  56''  and  flocks  separated  at  63"^  in  considerable  quan- 
tity. After,  heating  to  70**  for  some  time  and  filtering,  turbidity 
occurred  on  heating  to  71^  and  a  flocculent  coagulum  formed  at 
73^,  about  the  same  in  amount  as  at  63°.  After  heating  to  78"* 
the  solution  was  filtered  and  again  heated,  the  turbidity  forming 
a  third  time  at  79^  and  flocks  at  83^  in  smaller  quantity  than 
before.  This  slow  and  incomplete  coagulation  does  not  neces- 
sarily indicate  the  presence  of  several  coagulable  proteids  in  the 
solution,  for  there  is  no  temperature  interval  between  the  suc- 
cessive coagula,  the  temperature  at  which  turbidity  occurs  and 
a  flocculent  coagulum  develops  being  determined,  after  the  first 
coagulum  has  formed,  by  the  temperature  at  which  the  solution 
was  filtered.  Each  time  the  solution  becomes  turbid  at  a  tem- 
perature just  above  that  to  which  it  had  been  previously  heated 
and  a  flocculent  coagulum  separates  at  three  or  four  degrees 
higher. 
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The  presence  of  salts  has  much  influence  on  the  coagulation 
point,  for  another  portion  of  this  same  solution,  to  which  no 
salt  had  been  added,  became  turbid  at  ten  degrees  lower  than 
the  portion  wherein  ten  per  cent,  of  sodium  chloride  had  been 
dissolved  and  gave  the  last  flocculent  coagulum  at  a  tempera- 
ture ten  degrees  higher. 

The  solution,  portions  of  which  had  served  for  the  foregoing 
obser\'ations,  was  then  dialyzed  into  alcohol  until  concentrated 
to  one-half  its  original  volume,  when  a  considerable  precipitate 
formed,  which  was  filtered  out,  washed  with  alcohol,  and  dried 
over  sulphuric  acid.  This  substance  consisted  of  a  mixture  of 
all  the  proteids  remaining  in  solution  after  separating  the  globu- 
lin, as  described.  Any  albumin  or  globulin  which  might  be 
contained  in  this  precipitate  would  probably  be  largely  if  not 
wholly  coagulated  by  the  long  treatment  with  alcohol  and  the 
subsequent  drjung.  This  preparation  was  therefore  very  finely 
pulverized  and  extracted  thoroughly  with  water.  The  insolu- 
ble residue'  was  then  washed  with  alcohol  and  dried,  yielding 
13.52  grams  of  preparation  20,  which  was  found  to  have  the  fol- 
lowing composition  : 

Vetch  Proteid  20. 

I.  II.  Average. 

Carbon 53.45  53^5  53-55 

Hydrogen 6.67  6.73  6.70 

Nitrogen 16.46  ....  16.46 

Sulphur 1.02  ....  1.02 

Oxygen ....  22.27 

100.00 
Ash 0.29 

The  solution  filtered  from  20  was  further  dialyzed  into  alco- 
hol and  a  second  precipitate  obtained,  which,  when  washed  with 
alcohol  and  dried,  weighed  5.64  grams,  and  was  composed  as 

follows : 

Vetch  Proteid,  21. 

I.                    II.  Average. 

Carbon 52.55  52.66  52.60 

Hydrogen 6.70             6.95  6.83 

Nitrogen 16.53  16.76  16.69 

Sulphur 1.23              1.23 

Oxygen •  •  •  •  22.65 

100.00 
Ash 0.65 
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The  filtrate  from  the  precipitate  produced  by  the  first  dialysis 
into  alcohol,  from  which  preparations  20  and  21  had  been 
obtained,  was  further  dialyzed  into  alcohol  yielding  a  second 
precipitate  which,  when  washed  with  alcohol  and  dried  over  sul- 
phuric acid,  weighed  2.21  grams  and  formed  preparation  22. 
This  consisted  of  proteose  and,  after  drying  at  110°,  had  the 
composition  as  follows : 

Vetch  Proteose,  22. 

I.  II.  Average. 

Carbon 50.95  50.76  50.85 

Hydrogen 6.78  6.72  6.75 

Nitrogen 16.53  i^'79  16.65 

Sulphur \  ,_  ^ . 

Oxygen /      *5.7S 

100.00 
Ash 2.18 

Comparing  the  composition  of  21  with  that  of  20,  it  is  seen 
that,  excepting  carbon,  the  figures  agree  quite  well.  21,  how- 
ever, contains  one  per  cent,  less  carbon  than  20,  which  is  easily 
explained  by  its  being  a  mixture  of  the  proteose  represented  by 
22,  and  the  proteid  represented  by  20.  Such  a  mixture  would 
be  expected  from  the  method  of  preparation. 

If  20  is  compared  with  5  and  8,  obtained  in  a  similar  manner 
from  the  pea,  by  dialysis  of  its  extracts  into  alcohol,  after  pre- 
cipitation of  the  .greater  part  of  the  globulin  contained  in  these 
extracts  by  dialysis  in  running  water,  it  will  be  observed  that 
they  agree  rather  closely.  It  is  hardly  possible  by  this  method 
to  obtain  entirely  pure  preparations,  but  our  results  show  that 
the  vetch  and  pea  both  contain  another  proteid  that  is  different 
from  legumin  in  composition  and  in  properties. 

To  facilitate  comparison  these  analyses  are  here  tabulated. 

Pea  proteid.  Vetch  proteid. 

5-                      8.  20. 

Carbon 53.33  53.54  53-55 

Hydrogen 6.93  6.99  6.70 

Nitrogen 16.14  16.69  16.46 

Sulphur i.oo             1. 01  1.02 

Oxygen 22.55  21.77  22.27 

100.00  100.00  100.00 
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It  will  be  noted  that  this  proteid  contains  more  carbon  and 
less  nitrogen  than  legumin  and  nearly  twice  as  much  sulphur. 

Whether  it  is  a  globulin  soluble  in  extremely  dilute  salt  sola- 
tion  or  an  albumin  soluble  in  pure  water,  we  have  not  as  yet 
undertaken  to  ascertain,  for  want  of  time. 

The  residue  of  the  meal  extracted,  as  described,  with  salt 
solution,  was  treated  with  two- tenths  per  cent,  potash  solution, 
a  portion  of  the  alkali  extract  was  filtered  clear  and  neutralized 
with  very  dilute  hydrochloric  acid.  The  precipitate  which 
resulted  was  dissolved  in  two-tenths  per  cent,  potash  water,  and 
after  filtering  perfectly  clear,  again  thrown  down  by  neutraliz- 
ing with  hydrochloric  acid.  After  drying  12.4  grams  of  23  were 
obtained,  having  the  following  composition  : 

Vetch  Proteid,  23. 

I.  II.  Average. 

Carbon 53.00  52.99  53.00 

Hvdrogen 6.91  7.02  6.97 

Nitrogen 16.45  •  •  •  •  iMS 

Sulphur 0.53  ....  0.53 

Oxygen - .  • .  23.05 

100.00 
Ash 0.92 

If  this  analysis  is  compared  with  that  of  16,  it  will  be  noted 
that,  although  they  agree  in  nitrogen  content,  they  differ  as 
respects  carbon.  The  sulphur  found  in  23  would  indicate  that 
23  is  a  mixture  of  legumin  with  other  substances.  It  seems  to 
us  probable  that  it  is  mainly  legumin  which  escaped  extraction 
by  the  salt  solution  through  imperfect  pulverization  of  the  meal 
or  its  incomplete  exhaustion  by  the  brine,  or  because  it  was 
present  in  the  salt-insoluble  form,  a  form  which  it  may  have 
assumed  in  the  seed  itself,  or  under  the  action  of  the  solvents  to 
which  the  meal  was  subjected.  It  has  been  our  experience  with 
other  seeds  that  extractions  with  alkali,  after  exhausting  the 
seed  with  salt  solution,  yields  prod;icts  which,  in  most  cases,  it 
is  impossible  to  purify. 

In  order  next  to  determine  whether  the  legumin  found  in  the 
vetch  seed  is  a  single  proteid  or  a  mixture,  the  following  frac- 
tional precipitations  were  made. 

One  kilogram  of  the  meal  was  extracted  with  ten  per  cent. 
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sodium  chloride  solution  and,  after  filtering  clear,  the  extract 
was  saturated  with  ammonium  sulphate  and  the  proteids,  thus 
precipitated,  dissolved  in  300'  cc.  of  ten  per  cent,  brine.  The 
solution  now  measured  400  cc.  and  contained  about  eight  per 
cent,  of  salt.  After  filtering  perfectly  clear,  from  a  small 
amount  of  insoluble  matter,  an  equal  volume  of  distilled  water 
was  added.  On  standing  a  short  time  the  proteid  thus  precipi- 
tated collected  on  the  sides  and  bottom  of  the  beaker  as  a  sticky 
deposit,  leaving  the  solution  nearly  clear.  The  latter  was  then 
decanted  and  the  translucent,  gummy  mass  of  proteid  washed 
with  water,  which  caused  it  to  turn  opaque  and  become  brittle, 
so  that  it  was  easily  rubbed  to  a  coarse  powder. 

After  washing  repeatedly  with  water  the  proteid  was  thor- 
oughly washed  with  dilute  alcohol,  then  with  absolute  alcohol, 
and  dried  over  sulphuric  acid.  The  preparation,  24,  weighed 
13.4  grams. 

The  solution  decanted  from  24  was  cooled  in  an  ice  box  over 
night  and  the  clear  supernatant  liquid  poured  from  the  per- 
fectly transparent  semifluid  layer  which  had  thus  formed  on  the 
bottom  of  the  beaker.  After  washing  and  drying,  12.9  grams 
of  preparation  25  were  obtained.  The  solution  decanted  from 
25  was  mixed  with  an  equal  volume  of  distilled  water  and  left 
over  night  in  the  ice  box.  A  transparent  layer  of  proteid  was 
again  deposited,  which,  when  washed  and  dried,  yielded  4.00 
grams  of  26. 

The  solution  decanted  from  26  was  saturated  with  ammonium 
sulphate,  the  precipitated  proteid  dissolved  in  salt  solution,  and 
after  filtering,  the  proteid  was  precipitated  by  dialysis.  The 
globulin  thus  separated,  after  washing  and  drying,  weighed 
3.35  grams,  and  formed  preparation  27. 

The  following  figures  were  obtained  by  analyzing  these  pre- 
parations when  dried  at  no*'. 

Vetch  Legumin. 

24.  25-  ^'  27. 

Carbon 5205  51.78  5217           5204 

Hydrogen 6.99  6.89  6.92             7.06 

Nitrogen...: 18.02  18.06  17.70            18.02 

Sulpbur 0.56  0.48)  22.88 

Oxygen 22.38  22.79/ 


100.00         100.00         100.00         100.00 
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Several  grams  of  preparation  E,  described  on  page  598,  were 
dissolved  in  a  little  two-tenths  per  cent,  potash  water,  the  solu- 
tion was  diluted  considerably  with  distilled  water  and  carbon 
dioxide  passed  through  it.  At  first  the  solution  remained 
clear,  but  after  a  time  the  proteid  suddenly  and  almost  com- 
pletely separated  as  a  voluminous  precipitate,  the  filtrate  from 
which  yielded  but  a  trace  of  proteid  on  saturating  with  ammo- 
nium sulphate.  The  precipitate  was  washed  with  water  and 
then  treated  with  salt  solution.  A  part  dissolved  and  the  rest 
was  converted  into  a  swollen  gelatinous  mass  which  rendered 
filtration  impossible.  After  standing  over  night  the  solution 
was  poured  off  and  the  gummy  residue  was  washed  by  decanta- 
tion,  at  first  with  salt  solution  and  then  with  water.  On  wash- 
ing out  the  salt,  the  residue  lost  its  gummy  character  and  be- 
came a  dense,  rapidly  settling  precipitate  which  was  readily  col- 
lected on  a  filter  and  completely  washed  with  water  and  then 
with  alcohol.  After  drying  over  sulphuric  acid  it  furnished  2.62 
grams  of  preparation  28.  This  peculiar  behavior  of  legumin 
which  has  lost  its  solubility  in  salt  solution,  we  have  observed 
in  a  number  of  cases. 

£,  when  treated  directly  with  salt  solution,  behaved  in  exactly 
the  same  manner  as  the  precipitate  obtained  by  passing  carbon 
dioxide  through  its  solution  in  dilute  potash  water,  that  is,  a  part 
dissolved  and  a  part  remained  as.  a  gummy  residue,  which  was 
dehydrated  (?)  by  washing  with  water.  The  saline  solution 
described  above,  which  had  been  decanted  from  the  part  of  the 
carbon  dioxide  precipitate  which  was  insoluble  in  salt  solution, 
was  filtered  clear  and  dialyzed  free  from  chlorides.  The  pre- 
cipitate which  resulted  was  filtered  out,  washed  and  dried  in  the 
usual  manner,  and  yielded  29.  These  two  preparations  were 
found  to  have  the  following  composition  : 

Vbtch  Lbgumin. 

28.  39. 

Carbon 52.11  51-89 

Hydrogen 6.82  6.88 

Nitrogen 18.17  18.09 

Sulphur 0.53  0.40 

Oxygen 22.37  22.74 

100.00  100.00 

Ash 0.27  0.13 
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Several  grams  of  preparation  17  was  dissolved  in  a  little  two- 
tenths  per  cent,  potash  water  and  the  resulting  clear  solution 
was  neutralized  with  dilute  acetic  acid,  thereby  precipitating 
the  proteid.  .  A  portion  of  this  precipitate  was  tested  with  ten 
per  cent,  sodium  chloride  solution  and  found  to  dissolve  to  a 
large  extent  and  on  warming  to  50®  nearly  all  went  into  solution. 
The  remainder  of  the  precipitate  was  washed,  dried  and  analyzed 
with  the  following  results  : 

Vetch  Lbgumin,  30. 

Carbon 52.06 

Hydrogen 6.80 

Nitrogen 1 1798 

Sulphur 0.53 

Oxygen 22.63 

100.00 
Ash 0.15 

Another  portion  of  preparation  17  was  dissolved  in  a  little 
tviro-tenths  per  cent,  hydrochloric  acid  and  yielded  a  clear  solu- 
tion, which  was  neutralized  with  one-half  per  cent,  sodium  car- 
bonate solution.  The  resulting  precipitate  was  partly  soluble 
in  ten  per  cent,  salt  solution.  It  was  washed  and  dried  and,  as 
preparation  31,  gave  the  following  figures  when  analyzed: 

Vetch  Legumin,  31. 

Carbon 1 52.12 

Hydrogen 6.68 

Nitrogen 18.20 

Sulphur 0.40 

Oxygen 22.60 

100.00 
Ash o.  15 

For  convenience  of  comparison  the  analyses  of  legumin  from 
the  vetch  are  brought  together  in  the  following  tables  : 

Summary  of  Analyses  of  Vetch  Legumin. 

15.  16.  18.  19.  34-  25- 

Carbon 52.45  51.98  52.21  52.18  52.05  51.78 

Hvdrogen  .   •  6.98  6.92  6.82  6.82  6.99  6.89 

Nitrogen  ....  18.04  17.98  17-99  17-99  18.02  18.06 

Sulphur 0.50  0.45  0.37  0.36  0.56  0.48 

Oxygen .*  22.03  22.67  22.61  22.65  22.38  22.79 

100  00     100.00      100.00      100.00      100.00      100.00 
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36b                27*                36.                39«  3P-                 3'' 

Carbon S^-i?        52.04        53.11        51.89  52.06        52.12 

Hydrogen  ...      6.92          7.06         6.82         6.88  6.80          6.68 

Nitrogen  •...     17.70        18.02        18.17        18.09  I7*98        18.20 

Sulphur .  .  "I                          ^         0.53         0.40  0.53          0.40 


V     23.21        22.88 
....  ) 


Oxygen..../       '''  22.37        22.74        22.63        22.60 

100.00      100.00      xoo.oo      xtx>.oo      100.00     100.00 

It  will  be  seen  from  the  following  statement  that  the  composi- 
tion of  legumin  from  the  pea  is  identical  with  that  from  the 
vetch. 

Legumin. 

Pea.  Vetch. 

Average  of  18  Average  of  x j 

analyses  on  10  analyse*  on  12 

preparations.  prcparatkms. 

Carbon 52.20  52.09 

Hydrogen 7.03  6.88 

Nitrogen 17.93  18.02 

Sulphur 0.39  0.46 

Oxygen 22.45  22.55 

100.00  100.00 

What  we  have  already  stated  concerning  the  properties  and 
reactions  of  pea  legumin  applies  strictly  to  that  from  the  vetch 
except  in  two  particulars.  The  solutions  of  pea  legumin  in  ten 
per  cent,  brine  when  heated  nearly  to  boiling  become  turbid 
and,  after  a  time,  a  considerable  coagulum  separates  in  the  form 
o{  a  semi-solid  clot.  Similar  solutions  of  the  vetch  legumin,  on 
the  other  hand,  remain  perfectly  clear,  even  after  prolon^^ed 
boiling. 

Many  carefully  conducted  experiments  made  with  the  legu- 
min from  each  of  these  seeds,  wherein  the  same  quantity  of 
globulin  was  dissolved  in  the  same  amount  of  salt  solution  of 
the  same  strength,  were  carried  out  side  by  side,  but  always 
with  the  same  results,  the  pea  legumin  coagulating  to  a  greater 
or  less  extent  while  the  vetch  legumin  remained  wholly  unaf- 
fected. 

That  this  difference  is  due  to  some  foreign  substance  is  indi- 
cated by  the  following  experiment :  A  quantity  of  ten  per  cent. 
sodium  chloride  extract  of  pea  meal  was  filtered  clear  and 
divided  into  two  parts,  one  of  which  was  dialyzed  directly,  the 


LEGUMIN  AND  OTHER   PROTEIDS.  607 

Other  was  saturated  with  sodium  chloride  and  filtered  clear. 
The  latter  solution  was  less  viscid  and  much  more  easily  fil- 
tered, presumably  due  to  the  removal  of  gum.  This  solution, 
saturated  with  salt,  was  then  dialyzed. 

The  globulin  precipitated  by  dialysis  from  each  of  the  above 
named  solutions,  was  dissolved  in  brine  to  new  solutions  con- 
taining ten  per  cent,  of  globulin  and  eight  per  cent,  of  sodium 
chloride.  When  these  two  solutions  were  heated,  side  by  side, 
in  the  same  water-bath  and  for  the  some  length  of  time,  a  most 
marked  difference  was  observed  in  the  quantities  of  coagulum 
that  appeared.  Each  solution  contained  a  small  quantity  of  the 
proteid  coagulating  at  about  So*",  so  that  after  being  heated  to 
85**  for  some  time,  they  were  filtered  clear  and  again  heated. 

Each  solution  then  became  turbid  at  93^  and,  after  heating 
the  bath  to  boiling  for  a  little  time,  the  solution  of  the  globulin 
from  the  salt  saturated  extract  became  curdy,  from  the  separa- 
tion of  a  moderate  quantity  of  coagulum,  while  that  from  the 
unsaturated  extract  set  to  a  firm  opaque  jelly,  so  that  the  tube 
could  be  inverted  without  displacement  of  its  contents. 

The  second  difference  noted  was  very  slight,  but  appeared  to 
be  constant.  By  precipitating  the  legumin  from  the  pea  by 
dialysis,  the  proteid  was  obtained  in  the  form  of  spheroids 
which  showed  little  tendency  to  adhere  in  masses,  while  that 
from  the  vetch  was  always  obtained  in  more  or  less  coherent 
lumps  which,  however,  were  not  at  all  fluid  and  gummy,  but 
were  easily  broken  up  on  stirring.  In  our  opinion,  the  legu- 
min from  these  two  seeds  is  one  and  the  same  substance,  or 
must,  at  least  for  the  present,  be  so  regarded. 

SUMMARY. 

1.  So  far  as  we  have  investigated,  peas  and  vetches  contain 
the  same  proteids,  which  are  nearly  if  not  entirely  soluble  in  ten 
per  cent,  sodium  chloride  solution. 

2.  The  greater  part  of  these  proteids  consists  of  a  globulin, 
the  Legumin  of  Braconnot,  which  is  readily  precipitated  by 
dialyzing  its  salt  solutions. 

The  prevalent  idea  that  legumin  is  soluble  only  in  acids  and 
alkalies  is  erroneous,  it  having  been  proved,  notably  by  Ritt- 
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hausen,  to  be  a  true  globulin.  The  composition  of  legumin,  as 
shown  by  the  average  of  our  accordant  analyses  of  thirty-one 
preparations  obtained  from  the  seeds  of  peas  and  vetches,  is  the 
following  : 

Lbgumik. 

Carboti 52.15 

Hydrogen 6.96 

Nitrogen 17-98 

Sulphur 0.43 

Oxygen 22.48 

100.00 

Legumin  is  abundantly  soluble  in  solutions  containing  above 
five  per  cent,  of  sodium  chloride  ;  in  those  containing  less  salt  it 
is  not  so  soluble,  the  amount  held  in  solution  decreasing  as  the 
salt  content  diminishes,  so  that  it  is  but  sparingly  soluble  in 
solutions  containing  less  than  one  per  cent,  of  salt.  By  dilu- 
tion with  water,  strong  saline  solutions  of  legumin  are  abun- 
dantly precipitated. 

B}'  saturation  with  sodium  chloride  or  magnesium  sulphate, 
its  sodium  chloride  solutions  are  not  precipitated ;  by  satura- 
tion with  sodium  sulphate  at  25*  they  are  not  precipitated,  but 
at  higher  temperatures  more  or  less  is  thrown  down,  and  by 
saturation  with  sodium  sulphate  at  34',  precipitation  is  very 
nearly  complete.  With  nitric  acid,  Millon's  and  Adamkiewic's 
reagents  it  gives  the  usual  proteid  reactions. 

With  strong  solutions  of  legumin  the  biuret  test  gives  a  vio- 
let color  at  first,  which  on  standing  becomes  crimson  red,  simi- 
lar to  the  color  produced  by  peptones. 

The  legumin  obtained  by  us  from  the  vetch  is  not  coagulated 
by  heat  nor  even  rendered  turbid  by  prolonged  boiling  of  strong 
solutions. 

The  legumin  prepared  by  us  from  the  pea  is  partly  coagulated 
by  heating  strong  solutions  in  a 'boiling  water-bath,  and  sets  to 
a  firm  jelly  after  thus  heating  for  some  time.  These  differences 
in  their  behavior  on  heating,  and  a  greater  tendency  of  the 
vetch  legumin  to  cohere  in  semi-solid  lumps  when  precipitated 
by  dialysis,  are  the  only  points,  of  dissimilarity  which  a  rigid 
comparison  of  preparations  from  the  two  seeds  has  revealed. 
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These  differences,  in  our  opinion,  are  due  to  the  substances 
with  which  the  proteid  is  associated  in  the  two  seeds,  for  satura- 
tion of  the  pea  extracts  with  sodium  chloride,  before  precipita- 
ting the  legumin  by  dialysis,  greatly  diminished  the  amount  of 
coagulum  given  by  the  pea  legumin. 

3.  Besides  the  legumin,  the  pea  and  vetch  contain  another 
proteid  in  small  amount,  either  an  albumin  or  a  globulin,  solu- 
ble in  extremely  dilute  salt  solutions,  and  coagulated  by  heating 
its  solutions  to  80°.  This  substance  we  have  not  studied  further 
than  to  make  two  preparations  for  analysis  from  the  pea  and  one 
from  the  vetch.  These  were  obtained  in  an  insoluble  .form  by 
coagulating  with  alcohol,  so  that  the  properties  and  reactions 
were  not  determined.  The  composition  of  this  proteid  is  shown 
by  the  following  average  of  three  closely  agreeing  analyses  : 

Proteid  op  Pea  and  Vetch. 

Carbon 53.48 

Hydrogen 6.89 

Nitrogen 16.43 

pulphnr i.oi 

Oxygen 22.19 

100.00 

4.  In  addition  to  the  foregoing  proteids  a  very  little /w/^^j^ 
was  found  in  the  extracts  of  both  these  seeds. 

5.  No  attenjpt  has  yet  been  made  to  determine  the  total  quan- 
tity of  proteids  in  these  seeds,  nor  to  study  minutely  the  proteids 
that  occur  in  them  in  small  proportion. 
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By  Thomas  B.  Osbornb  and  Gboroe  K.  Campbell. 

ReceiTed  May  si,  X896. 

REVIEW  of  the  literature  relating  to  the  plant  proteids  hith- 
erto described  as  conglutin  and  vitellin,  shows  that  the  sub- 
ject is  in  great  confusion,  which  can  only  be  cleared  up  by  a 
thorough  examination  of  the  seeds  from  which  these  proteids  are 
said  to  have  been  obtained.  This  is  the  more  important,  be- 
cause of  late  years  various  investigations  have  been  made  in 

I  From  the  Report  of  the  Connecticut  Agricultural  Hzperiment  Station  for  1895. 
Communicated  by  the  authors. 
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which  these  proteids  have  figured  as  the  subject  of  study,  while 
the  fact,  that  the  purity  or  even  the  identity  of  the  proteid  em- 
ployed is  very  doubtful,  has  been  entirely  overlooked  or  ignored. 
Thus  the  results  of  observations  on  the  globulin  of  lupins  have 
been  applied  to  the  globulin  of  the  squash,  hemp  and  other  seeds, 
it  being  apparently  unknown  that  these  two  proteids  are  very 
distinct  substances.  Further,  the  composition  and  reactions  of 
most  of  these  bodies  have  never  been  adequately  studied,  nor  the 
means  of  preparing  them  in  a  state  of  purity  ascertained.  Re- 
cent authors  are  mostly  content  to  call  these  proteids  vegetable 
vitellin  and  to  assume,  with  little  reason,  that  the  proteid  from 
the  many  seeds  in  which  vitellin  has  been  said  to  0(5cur  is  one 
and  the  same  substance.  With  the  object  of  determining,  so  far 
as  may  be  practicable,  the  true  relations  of  the  globulins  found 
in  the  various  seeds  hitherto  alleged  to  contain  conglutin  and 
vitellin,  this  investigation  was  undertaken. 

ALMOMDS. 

The  proteid  first  discovered,  which  has  since  been  known  as 
conglutin,  was  found  in  the  seed  of  the  almond  by  Proust',*  and 
by  him  named  amandin. 

Dumas  and  Cahours'  described  and  analyzed  preparations  ob- 
tained from  almonds,  peach  and  plum  seeds,  and  considered 
them  to  be  legumin,  identical  with  that  of  a  large  number  of  other 
seeds. 

According  to  Rochleder'  the  proteid  described  by  Dumas  and 
Cahours  is  different  from  legumin  as  understood  by  Liebig  and 
others.  Norton^  analyzed  proteid  preparations  which  he  ob- 
tained from  the  almond  and  considered  them  to  be  legumin. 
Ritthausen^  described  the  proteid  of  the  almond  under  the  name 
conglutin.  He  later*  obtained  from  the  peach  kernel  a  proteid 
which  he  considered  to  be  conglutin,  identical  with  that  of 
almonds  and  lupins. 

The  details  of  our  investigation  are  as  follows :  A  quantity  of 

ly.  depkys,,  de  chim:,  tfhisioire  naturelU  et  des  arts,  54.  199. 

^J.prakt.  Ch€my  a<.  398. 

^  Ann,  der  Chem.  m.  Pkarm,,  46,  155. 

^Am.J.  Scf'.,  [2],  5,  aa. 

>  Eiweisskdrper,  Bonn.  187a. 

^J.prakl.  Chem.,  a6,  ^aa,  r88». 
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sweet  almond  meats  deprived  of  the  brojcrn  skin  (tegmen)  were 
crushed  and  treated  with  ether  to  remove  oil.  Seventy-five  grams 
of  the  oil-free  meal  was  then  extracted  with  ten  per  cent,  sodium 
chloride  solution,  the  extract  was  filtered  clear  and  dialyzed  until 
free  from  chlorides.  The  globulin  separated  at  first  in  minute 
spheroids,  which,  on  settling  to  the  bottom  of  the  dialy- 
zer,  united,  forming  a  viscid  semi-fluid  translucent  mass  of  a 
pale  straw  color.  After  decanting  the  solution,  the  globulin, 
which  had  separated,  was  again  dissolved  in  ten  percent,  sodium 
chloride  brine  and  reprecipitated  by  dialysis.  The  proteid,  ob- 
tained in  the  same  condition  as  before,  was  washed  with  water, 
and  with  alcohol,  dilute  at  first  and  afterwards  gradually  in- 
creased in  strength,  and  finally  was  dehydrated  with  absolute 
alcohol  and  dried  over  sulphuric  acid.  This  preparation,  i, 
weighed  6.72  grams,  was  a  snow  white,  dense  powder,  and,  after 
drying  at  1 10'',  gave  the  following  results  on  analysis  : 

Amandin,  i. 

Average. 

Carbon 5i*49  $^-3^  **--  5i-4i 

Hydrogen 7.33*  6.86  ....  6.86 

Nitrogen 19.29  19-52  19.62  19-47 

Sulphur 0.39  ....  ....  0.39 

Oxygen ....  «...  21 .87 

100.00 
^Ash 0.24 

Another  preparation  of  this  globulin  was  made  by  crushing  a 
quantity  of  fresh,  shelled,  ''Jordan  almonds,''  and  extracting  the 
oil  with  petroleum  naphtha.  After  freeing  from  naphtha,  the 
greater  part  of  the  skins  was  separated  by  sifting.  100  grams  of 
the  meal  was  then  extracted  with  one  liter  of  water  and  the  so- 
lution filtered  and  saturated  with  ammonium  sulphate.  The 
precipitate  produced  was  filtered  out,  dissolved  in  water,  the 
resulting  solution  filtered  perfectly  clear  and  dialyzed  until  free 
from  chlorides.  The  proteid,  which  on  dialysis  deposited  with 
the  same  appearance  and  characters  as  the  first  preparation,  was 
washed  with  water,  dilute  alcohol,  stronger  alcohol  and  then 
dehydrated  with  absolute  alcohol  and  dried  over  sulphuric  acid. 

1  Omitted  in  average. 
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Sixteen  grams  were  obtained,  equal  to  sixteen  per  cent,  of  the 
meal.  This  preparation,  owing  to  the  seed-integument,  which 
had  been  but  partly  removed,  was  somewhat  red  in  cclor.  After 
drying  at  no",  analysis  gave  the  following  results : 

Amandin,  2. 

Average. 

Carbon 5i«49  ••••  51-49 

Hydrogen  6.85  ....  6.85 

Nitrogen i9«27  I9'05  19.16 

Sulphur 0.44  ....  0.44 

Oxygen ....  22.06 

100.00 
Ash 0.80 

For  a  third  preparation  Jordan  almonds  were  drenched  with 
hot  water  for  a  moment  to  loosen  the  skins,  which  were  then 
easily  detached  ;  the  meats  were  squeezed  in  a  drug  press  to  sep- 
arate the  greater  part  of  the  oil.  The  remainder  of  the  oil,  after 
dehydrating  the  pressed  meats  with  absolute  alcohol,  was 
extracted  with  naphtha.  The  residue  was  freed  fromnaphtha  by 
evaporation  and  ground  to  a  fine  powder.  There  was  thus 
obtained  from  900  grams  of  almonds  380  grams  of  oil-free  meal. 
This  was  thoroughly  extracted  with  ten  percent,  sodium  chloride 
brine  and  the  extract  filtered.  A  turbid  liquid  resulted  which 
was  saturated  with  ammonium  sulphate.  The  proteid  thus  pre- 
cipitated was  dissolved  in  ten  per  cent,  sodium  chloride  brine  and 
the  solution  after  filtering  perfectly  clear  was  dialyzed  until  nearly 
free  from  chlorides.  The  solution  was  then  decanted  from  the  semi- 
fluid, viscid  precipitate  which  had  formed,  and  this  was  washed 
with  water  and  alcohol,  dehydrated  with  absolute  alcohol  and 
dried  over  sulphuric  acid.  The  proteid  thus  obtained  weighed 
sixty-six  grams.  The  filtrate  from  this  preparation  was  saturated 
with  ammonium  sulphate,  the  precipitate  was  filtered  out,  dis- 
solved in  a  little  water  and  the  filtered  solution  was  dialyzed. 
This  second  dialysis  yielded  twenty-seven  grams  more  of  globulin 
which  were  added  to  that  before  obtained,  making  in  all  ninety- 
three  grams,  being  twenty-four  and  one-half  per  cent,  of  the  oil- 
free  meal.  Analysis  of  this  preparation,  3,  dried  at  iio*,  gave 
results  as  follows : 
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Amandin,  3. 

Average. 
Carbon 51.18  ....  51.18 

Hydrogen 6.99  ....  6.99 

Nitrogen 19.30  19.37  19.33 

Sulphur 0.48  ....  0.48 

Oxygen ....  22.02 

100.00 
Ash 0.35 

A  portion  of  3  was  dissolved  in  sodium  chloride  solution  and 
dialyzed  into  dilute  alcohol  in  the  hope  of  obtaining  the  globulin 
in  the  form  of  crystals.  No  distinct  crystals  resulted,  and  after 
remaining  about  two  weeks  in  alcohol  the  precipitated  proteid 
was  readily  redissolved  in  salt  solution,  not  having  been  coagu- 
lated by  the  alcohol,  and  the  clear  solution  was  dialyzed  in  water 
until  free  from  chlorides.  After  washing  and  drying  in  the  usual 
manner  this  preparation,  4,  was  analyzed  : 

Amandin,  4. 

I.  II.  Average. 

Carbon 51.39  51.32  51.36 

Hydrogen 6.99  6.90  6.95 

Nitrogen 19.32  19.36  19.34 

Sulphur 0.45  ....  0.45 

Oxygen ....  21.90 

100.00 
Ash 0.20 

Peach  Kernei.. 

Ritthausen  states  that  peach  seeds  contain  the  same  proteid  as 
the  almond«  a  fact  in  harmony  with  the  close  botanical  relations 
of  the  two  plants. 

We  obtained  this  proteid  from  peach  pits  in  the  following  man- 
ner :  The  seeds  were  freed  from  the  skin  (tegmen)  by  cutting  it 
away  with  a  knife  and  were  then  ground  with  ether  to  a  powder 
and  freed  from  oil.  Only  a  small  quantity  of  seeds,  yielding  but 
twenty  grams  of  oil-free  meal,  were  at  the  time  available.  This 
was  extracted  with  ten  per  cent,  sodium  chloride  solution  and  the 
clear  filtered  extract  dialyzed.  The  globulin  separated  in  sphe- 
roids, which  settled  to  a  translucent  viscid  semi-fluid  mass  like 
that  from  the  almonds.     The  solution,  when  freed  from  chlorides 
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by  dialysis,  was  decanted  from  the  precipitate  and  the  latter  was 
washed  with  water,  alcohol  and  absolute  alcohol  and  dried  over 
sulphuric  acid ;  2.44  grams  or  12.2  per  cent,  of  the  meal  were  so 
obtained .    Analysis  of  this  preparation  gave  the  following  results : 

Amandin,  From  thb  Pbach,  5. 

Average. 
Carbon 51.06  51.02  51.04 

Hydrogen 6.86  6.79  6.83 

Nitrogen 19.20  19.35  19.28 

Sulphur 0.48  •  •  •  •  0.48 

Oxygen .  •  - .  22.37 

100.00 
Ash 0.62 

Owning  to  the  small  quantity  of  5,  it  was  not  possible  to  com- 
pare its  reactions  throughout  with  those  of  amandin  from  the 
almond,  but,  so  far  as  could  be  observed,  the  two  were  identical 
in  all  respects,  and  there  can  be  no  doubt  that  they  are  the  same 
substance. 

In  the  following  table  the  foregoing  results  may  be  compared 
with  those  obtained  by  earlier  investigators,  in  their  work  upon 
the  proteid  of  the  almond,  peach  and  plum : 

Amandin. 

Dumas  and  Cahours.  iXSwenbur^.  Norton. 

Almonds.  Plums.  Almonds.  Almonds. 

Carbon 50.89  50.93  51.  xo  50.50  50.97        49.16 

Hydrogen...      6.71  6.73  7.20  6.56  6.64          6.51 

Nitrogen  ....     18.93  18.64  ....  17.33  "7«I5        17-43 

Sulphur ....  . .  • .  0.32  0.27         0.41 

Phosphorus ....  ....  1.05  0.57         2.21 

Oxygen 23.47  23.70  ....  24.24  24.40       24.27 

100.00        100.00  100.00        100.00     100.00 

Ritthausen. 

Almonds  Peach. 

Carbon 50.44  50.82 

Hydrogen 6.85  6.94 

Nitrogen 18.61  18.60 

Sulphur 0.43  0.32 

Oxygen 23.67  23.32 

100.00  100.00 
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Almonds. 


1234 
Carbon  ......     51.41        51-49       5i-i8        51.36 

Hydrogen  •••      6.86         6.85  6.99         6.95 

Nitrogen  •••.     19*47        19.16        19.53        19-34 

Sulphur 0.39         0.44         0.48         0.45 

Oxygen 21.87        22.06        22.02        21.90 


Peach. 

4 — * — 

5 
51.04 

6.83 
19.28 

0.44 

^2.37 


Averssrc* 
51.30 
6.90 

19.32 

0.44 

22.04 


100.00   100.00   100.00   100.00   100.00   100.00 

Amandin,  that  has  been  dried  over  sulphuric  acid,  when  mixed 
with  cold  water  dissolves  to  a  very  slight  extent  and  forms  a 
gummy  plastic  mass.  In  water  heated  to  about  98*"  amandin 
melts  to  a  transparent  mass  and  a  considerable  portion  goes  into 
solution,  which  in  part  separates  out  on  cooling,  and  is  redis- 
solved  on  heating  again .  Boiling  the  solution  causes  but  a  slight 
turbidity. 

The  precipitate  formed  by  cooling  the  hot  water  solution  of 
amandin,  dissolves  completely  on  addition  of  a  little  nitric  acid, 
but  if  more  nitric  acid  be  added,  a  precipitate  falls  which  dis* 
solves  on  warming  and  reappears  on  cooling  in  exactly  the  man- 
ner of  a  proteose. 

In  ten  per  cent,  sodium  chloride  solution  this  proteid  dissolves 
readily  to  a  slightly  opalescent  liquid,  no  insoluble  '* albuminate" 
being  formed  by  drying,  as  is  the  case  with  most  vegetable  glob- 
ulins. 

A  solution  containing  ten  per  cent,  of  amandin  dissolved  in  ten 
per  cent,  sodium  chloride  brine  gives  an  abundant  precipitate 
when  poured  into  much  distilled  water,  but  if  only  a  small  amount 
of  proteid  is  dissolved  in  the  brine  no  precipitate  is  produced  by 
dilution. 

Salt  solution  of  amandin  is  not  precipitated  by  saturating  with 
sodium  chloride.  By  saturating  with  magnesiuhi  sulphate  it  is 
partly  thrown  down.  Saturation  with  sodium  sulphate  or  ammo- 
nium sulphate  completely  precipitates  it. 

Nitric  acid  added  to  the  sodium  chloride  solution  forms  a  pre- 
cipitate soluble  in  an  excess  of  acid  which,  on  heating,  gives  the 
usual  xanthoprotein  reaction. 
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With  mercuric  chloride  solution  no  precipitate  is  formed. 

With  picric  acid  and  also  with  tannic  acid  heavy  precipitates 
are  produced. 

Amandin  is  readily  soluble  in  very  dilute  acetic  acid.  The 
acetic  solution  yields  an  abundant  precipitate  with  potassium 
ferrocyanide  that  is  difficulty  soluble  in  an  excess  of  this  salt  to 
a  solution  precipitable  by  diluting  with  water.  In' concentrated 
glycerol  the  dry  proteid  dissolves  quite  readily,  the  clear  solu- 
tion  yielding  a  considerable  precipitate  on  adding  absolute  alcohol. 

Concentrated  hydrochloric  acid  dissolves  it,  with  development 
of  a  violet-blue  color  on  standing.  By  heating  in  quite  dilute 
sulphuric  acid  a  solution  is  obtained  which  becomes  turbid  on 
cooling,  the  proteid  being  far  less  soluble  in  sulphuric  than  in 
hydrochloric  or  acetic  acids.  With  the  biuret  test  and  also  with 
glacial  acetic  acid  and  concentrated  sulphuric  acid  together,  solu- 
tions of  this  globulin  give  a  fine  violet  color. 

After  solution  in  very  dilute  potash  water  and  precipitation  by 
neutralizing  with  acetic  acid,  amandin  retainsits  original  solubiU 
ity  in  salt  solutions. 

A  ten  per  cent,  sodium  chloride  solution,  containing  five  per 
cent,  of  amandin,  becomes  turbid  when  heated  to  75°,  and  at  80* 
flocks  form  in  small  quantity  which  slowly  increase  on  gradually 
raising  the  temperature,  but  only  a  small  part  of  the  proteid  is 
coagulated  even  by  boiling. 

Having  thus,  as  we  believe,  established  this  proteid  as  a  chemi- 
cal species  quite  distinct  from  all  others  hitherto  investigated,  it 
is  proper  to  restore  the  designation  Amandin  given  it  by  Proust, 
its  discoverer,  and  to  discard  for  it  the  names  vitellin  and  conglu- 
tin,  which  are  associated  with  many  erroneous  statements  as  to 
its  occurrence,  composition  and  characters. 

Walnut,   {Juglans  regia), 

Ritthausen*  prepared  the  proteid  from  this  seed,  but  owing  to 
the  large  amount  of  tannin  present  in  the  skins,  he  found  much 
difficulty  in  obtaining  satisfactory  results. 

As  Ritthausen*s  preparations  differed  widely  in  composition, 

ly.  prakt.  Chem.,  24,  257. 


CONGLUTIN   ANU  VITELLIN.  617 

and  as  he  has  published  nothing  respecting  the  properties  of  this 
proteid,  we  have  made  several  preparations  with  the  following 
results. 

A  quantity  of  walnut  meats  was  crushed,  freed  from  oil  by  ex- 
tracting with  petroleum  naphtha,  and  the  greater  part  of  the  skins 
removed  by  sifting.  One  hundred  grams  of  this  meal  was  then 
extracted  with  ten  per  cent,  sodium  chloride  brine  and,  after  fil- 
tering, eight-tenths  of  the  salt  solutioa  applied  was  recovered  as  a 
clear  extract  corresponding  to  about  eighty  grams  of  meal.  This 
Mras  saturated  with  ammonium  sulphate  and  the  resulting  precipi- 
tate filtered  out  and  treated  with  salt  solution.  Much  that  failed 
to  dissolve  was  separated  by  filtration  and  the  clear  solution  was 
dialyzed  until  free  from  chlorides.  During  dialysis  the  proteid 
-was  deposited  in  spheriods  which  did  not  like  amandin,  unite  to  a 
confluent  mass.  The  precipitated  globulin  was  then  filtered  out, 
washed  with  water,  alcohol  and  absolute  alcohol  and  dried  over 
sulphuric  acid.  Only  2.87  grams  was  obtained,  equal  to  about 
3.6  per  cent,  of  the  meal.  This  small  yield  was  undoubtedly  due 
to  tannin,  which  rendered  the  greater  part  of  the  proteid  insoluble 
in  salt  solution. 

Dried  at  no**  this  pireparation,  6,  had  the  following  composi- 
tion: 

Walnut  Globulin,  Corvlin,  6. 

Averagre. 

Carbon 50.32  50.32  50.32 

Hydrogen 6.63  6.74  6.69 

Nitrogen 19.06  19.12  19*09 

Sulphur ....V 

Oxygen . . . .  / 

100.00 
Ash 0.63 

The  part  of  the  ammonium  sulphate  precipitate  which  was  not 
taken  up  by  salt  solution  at  20°  was  treated  with  brine  at  60''. 
In  this  it  dissolved  almost  completely  and  did  not  precipitate  on 
cooling.  The  clear  filtered  solution  was  dialyzed  free  from  chlo- 
rides, and  by  the  usual  process,  2.82  grams  or  3.5  per  cent,  of 
g^lobulin  was  obtained,  having  the  following  composition  : 
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Walnut  Gi^bulin,  Corylin,  7. 

Carbon 50.83 

Hydrogen 6.79 

Nitrogen 19.05  19-04 

Sulphur 0.89 

Oxygen ^ 22.44 

100.00 
Ash 0,15 

In  order  to  avoid  the  presence  of  tannin,  another  lot  of  walnut 
seeds  were  drenched  for  a  moment  with  hot  water,  whereupon 
the  skins  were  easily  stripped  off.  The  crushed  meats  were  then 
treated  with  ether  to  extract  the  oil  and,  after  removal  of  ether 
by  exposure  to  the  air,  the  coarse  meal  was  finely,  ground  and  fifty 
grams  was  extracted  with  1500CC.  of  ten  per  cent,  brine  of  com- 
mon salt.  The  extract  was  filtered  clear,  saturated  with  ammon- 
ium sulphate,  the  resulting  precipitate  dissolved  in  salt  solution 
at  40®  and  the  extract  dialyzed  free  from  chlorides.  The  pre- 
cipitated globulin  was  then  filtered  out  and  treated  in  the  usual 
manner,  giving  preparation  8,  weighing  ten  grams,  equal  to 
twenty  per  cent,  of  the  meal,  and  having  the  following  composi- 
tion : 

Walnut  Globulin,  Corvun,  8. 

Avera^^e. 
Carbon 50.77  50.74  50.70 

Hydrogen 6.94                 6.83  6.89 

Nitrogen 19.10  19.02  19.06 

Sulphur ....  -^ 

Oxygen ....  /  ^^'^ 

100.00 
Ash 0.32 

Hazel-nut  or  Filbert,  {Corylus  tubulosa) . 

Ritthausen*  has  detailed  the  resuits  of  his  examination  of  the 
proteid  of  this  seed  and  concluded  it  to  be  identical  with  the 
conglutin  which  he  obtained  from  almonds. 

In  order  to  satisfy  ourselves  respecting  this  substance  a  quan* 
tity  of  hazel-nut  meats  was  freed  from  skins  and  oil  as  already 
described  in  case  of  walnuts,  and  finely  pulverized.     The  meal 
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'was  then  extracted  with  ten  per  cent,  sodium  chloride  brine  and 
the  filtered  extract  saturated  with  ammonium  sulphate.  The 
precipitated  proteid  was  filtered  out,  dissolved  in  salt  solution, 
and  the  liquid,  after  filtering  clear,  was  dialyzed  free  from 
chlorides. 

During  dialysis  the  globulin  separated  in  spheroids  which,  like 
those  of  walnut  globulin,  settled  down,  without  adhering  together 
to  a  plastic  mass,  after  the  manner  of  amandin.  The  precipitated 
globulin  was  filtered  out  and  treated  in  the  usual  way.  When 
dried  at  110°  this  preparation  had  the  following  composition  : 

CoRYWN,  F11.BBRT  Globulin,  9. 

Average. 
Carbon 50.64  50.86  50.72 

Hydrogen lost  6.86  6.86 

Nitrogen 19.14  I9-I9  19-17 

Sulphur 0.83  ....  0.83 

Oxygen ....  22.42 

100.00 
Ash 0.28 

In  properties  this  preparation  exactly  resembled  the  globulin 
obtained  from  the  walnut.  That  the  two  are  identical  in  compo- 
sition is  shown  by  the  following  statement : 

CORYUN. 

. Walnuts .  Filberts. 

6789 
Carbon 50.32  50.83  50.76  50.72 

Hydrogen 6.69  6.79  6.89  6.86 

Nitrogen 19.09  19.05  19.06  19.17 

Sulphur  \   ,,  ^  0.89  \         ^^^  0.83 


)  22.44  J 


Oxygen  )  22.44 -(  22.42 

100.00  100.00         100.00  100.00 

The  properties  of  this  proteid,  after  drying  over  sulphuric  acid, 
as  exhibited  by  preparations  8  and  9,  are  as  follows.  In  the  dry 
state  it  forms  a  heavy  snow-white  powder  which,  unlike  amandin, 
is  entirely  insoluble  in  distilled  water  at  20^  or  at  40^.  In  ten 
per  cent,  sodium  chloride  solution  it  dissolves  readily  and  com- 
pletely, as  also  in  exceedingly  dilute  acids  and  alkalies.  Sulphuric 
acid,  however,  dissolves  it  much  less  readily  than  acetic,  hydro- 
chloric or  nitric  acid. 
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The  solution  in  ten  per  cent,  sodium  chloride  brine,  containing 
ten  per  cent,  of  this  globulin,  gives  an  abundant  precipitate  when 
diluted  with  an  equal  volume  of  water.  More  dilute  solutions 
give  precipitates  on  sufficient  dilution.  Corylin  is  very  much 
more  readily  precipitated  by  dilution  than  amandin.  Hydro- 
chloric acid  and  acetic  acid  each  gives  a  precipitate  insoluble  in 
considerable  excess, of  acid,  when  added  to  saline  solutions  of  the 
proteid.  With  mercuric  chloride,  picric  acid,  or  tannic  acid 
dissolved  in  ten  per  cent,  sodium  chloride  brine,  heavy  precipi- 
tates are  produced.  Saturation  with  sodium  chloride  gives  a 
slight  precipitate .  Saturation  with  magnesium  .sulphate  produces 
a  considerable  though  partial  precipitation.  Saturation  with 
sodium  sulphate  or  ammonium  sulphate  effects  a  complete  pre- 
cipitation. 

Dissolved  in  a  little  acetic  acid,  a  precipitate  is  produced  by 
sufficient  nitric  acid,  which  dissolves  on  heating  and  parti}"  repre- 
cipitates  on  cooling,  The  solution  in  acetic  acid  gives  a  precipi- 
tate with  potassium  ferrocyanide,  but  .slightly  soluble  in  a  large 
excess  of  the  latter. 

With  the  biuret  test  the  usual  violet  color  is  obtained.  With 
Millon's  and  the  xanthoprotein  tests  the  ordinarj-  proteid  reac- 
tions appear.  Dissolved  in  concentrated  hydrochloric  acid  and 
boiled,  a  violet  blue  color  develops  on  standing. 

With  glacial  acetic  acid  and  concentrated  sulphuric  acid,  solu- 
tions of  corylin  give  a  violet  color.  When  five  per  cent,  of 
this  proteid  is  dissolved  in  ten  per  cent,  sodium  chloride  brine 
and  the  solution  heated,  turbidity  ensues  at  about  80^  and  flocks 
form  in  small  amount  at  99**.  On  boiling  the  solution,  a  little 
more  coagulates,  but  the  corylin  is  precipitated  by  heat  very 
slowly  and  incompletely. 

When  dissolved  in  dilute  potash  water  and  precipitated  by 
neutralization,  the  proteid  dissolves  completely  in  ten  per  cent, 
salt  solution.  These  reactions  and  the  results  of  analysis  show 
this  body  to  be  entirely  distinct  from  either  amandin  or  edestin. 
We  therefore  propose  the  name  Corylin,  from  the  generic  name  of 
the  filbert,  Corylus  tubulosa,  in  which  this  proteid  was  first  found 
by  Dumas  and  Cahours.' 
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Brazil-nut,  {BerthoUetia  excelsa), 
Weyl*  described  the  globulin  of  the  Brazil-nut  under  the  name 
of  vegetable  vitellin,  and  first  determined  its  composition  with  a 
close  approach  to  accuracy. 

One  of  us  has  already  investigated  this  substance  as  to  its  com- 
position and  properties,  when  prepared  both  in  the  form  of  sphe- 
roids and  as  perfectly  distinct  crystals.*  This  proteid,  being 
evidently  different  from  all  others  hitherto  examined,  deserves  a 
distinct  name,  and  we  accordingly  propose  to  designate  it  £jr^(f/^/«. 

Oat-kernel. 
From  the  oat-kernel  one  of  us^  obtained  a  crystallized  globulin 
very  similar  in  composition  to  excelsin,  but  different  in  its  reac- 
tions as  well  as  in  crystalline  form.  This  globulin  might  be 
classed  as  a  vitellin,  and  for  that  reason  is  here  referred  to.  As 
yet  this  proteid  has  received  no  specific  name  and  we  now  pro- 
pose to  call  it  Avenalin. 

Hemp,  {Cannabis  sativa).  Squash,  {Cucurbita  maxima),  and 

Castor  Bean,  {Ricinus  communis) 

Proteid  preparations  from  the  seeds  of  hemp,  squash  and  castor 
bean  have  been  described  under  the  names  of  conglutin  and  vitel- 
lin. One  of  us*  has  shown  that  these  seeds  contain,  as  their 
chief  and  characteristic  proteid,  oixe  and  the  same  substance  and 
has  named  it  Edestin.  This  has  been  found  in  a  larger  number 
of  seeds  than  any  proteid  yet  discovered,  and  is  the  body  most 
commonly  called  vegetable  vitellin.  It  is  readily  obtained  pure 
in  octahedral  crystals,  from  several  seeds,  and  owing  to  this  fact 
has  been  employed  in  physiological  investigations.  That  it  is 
a  different  substance  from  the  proteids  already  described  in  this 
article  appears  to  have  been  mostly  overlooked.  The  properties 
and  composition  of  edestin  are  detailed  in  the  paper  above  men- 
tioned, and  in  the  annual  reports  of  Connecticut  Experiment 
Station  for  1893,  pp.  179,  214,  216.  and  1894,  pp.  155,  170,  190. 

Coco anut  ,   ( Cocos  n  ncifera . ) 
The  proteid  of  the  cocoanut  was  examined  by   Ritthausen* 

"^Ztschr.phys.  Chem.  i,  85. 

s Osborne:  Am.  Chem. J.,  14.662.  • 

s  Osborne  :  Reports  of  Connecticut  E^^erimeut  Station  1890  and  1891,  and  Am.  Chem, 
/..  X4,  2ia  and  682. 

*  Osborne  -.Am.  Chem.  J. ^  14,  671-689. 
6  PflUger's  Archiv.,  ax.  96. 
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who,  without  identifying  it  with  conglutin,  assigned  to  it  a  simi- 
lar composition.  Chittenden*  under  the  general  name  phytovitel- 
lin,  gives  the  composition  of  this  proteid  in  close  accord  with 
that  of  edestin,  and  as  he  obtained  it  partly  crystallized  in 
octahedra  it  probably  is  edestin. 

Lupin  {Lupinus.) 

The  principal  proteid  contained  in  lupin  seeds  is  the  body  to 
which  Ritthausen  first  gave  the  name  conglutin.'  We  have 
devoted  much  labor  to  the  study  of  this  proteid,  but  the  results 
of  our  work  are  not  yet  complete  and  will  form  the  subject  of  a 
future  paper.  We  find  that  it  is  distinctly  different  in  composi- 
tion and  properties  from  the  proteids  which  we  have  hitherto 
noticed,  and  we  take  especial  pleasure  in  confirming  to  it  the 
name  congluiin  proposed  by  its  veteran  discoverer. 

We  give  on  the  following  page  the  composition  of  conglutin 

as  found  by  us  in  accordant  analyses  of  six  preparations  from 

the  blue  lupin. 

Sunflower  {Helianthus .) 

The  proteid  of  the  sunflower  seed  as  described  by  Ritthausen* 
appears  to  be  identical  with  edestin,  but  our  investigation  of  this 
substance,  which  is  still  in  progress,  shows  that  the  proteid  pre- 
pared by  the  usual  methods  is  contaminated  with  the  heliantho- 
tannic  acid  described,  by  Ludwig  and  Kromayer.*  As  yet  we 
have  been  unable  to  obtain  this  proteid  in  the  pure  state. 

To  the  best  of  our  knowledge  the  proteids  noticed  in  this  paper 
include  all  which  have  been  hitherto  designated  either  as  conglu- 
tin or  vitellin.  Of  late  years  many  seeds  have  been  described  as 
containing  vitellin,  but  its  presence  has  been  inferred  from  quali- 
tative reactions  and  not,  except  in  those  cases  mentioned  in  this 
paper,  from  a  study  of  the  isolated  proteid. 

We  have  accordingly  at  least  six  perfectly  distinct  proteids 
which  have  been  confounded  together  under  the  name  vitellin  or 
conglutin.  The  following  table  shows  the  present  state  of  our 
knowledge  concerning  the  composition  of  these  globulins  and  sets 
forth  the  characters  in  which  they  have  been  found  to  differ. 

I  Medical  Record,  45,  450,  and  Digestive  Proteolysis,  New  Haveo,  1895,  p.  3a. 
3  EiweisskSrper,  Bonn,  187a,  und  J.  praki.  Chem.,  35,  432. 

*  Pfluger's  Archiv.,  9i,  81.  * 

*  N.  Br.  Arch.,  99.  i  and  285. 
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among  peoples  more  advanced  in  the  scale  of  civilization,  and 
have  consequently  been  made  tbe  subject  of  some  chemical 
investigation.  Their  fresh  juices  produce  irritation  of  the  skin 
when  locally  applied,  and  preparations  of  them  are  administered 
internally  as  cardiac  stimulants  and  for  other  purposes.  The 
first  article  published  in  this  country  on  the  subject  seems  to 
have  been  one  by  A.  P.  Pattee,  which  appeared  in  the  Boston 
Medical  and  Surgical  Journal  in  1867.  O.  M.  Meyers  published 
an  article  in  the  New  York  Medical  foumal  in  1891,  in  which  he 
called  attention  to  the  value  as  a  heart  tonic  of  a  preparation  of 
Cereus  grandiflorus  c^^tA  **cactina.'*  This  was  claimed  to  be 
the  active  principle  of  tlie  drug,  but  it  was  not  stated  whether  it 
was  alkaloidal,  glucosidal,  or  of  spme  other  nature.  Numerous 
papers  quickly  followed,  containing  reports  of  clinical  experi- 
ments with  this  and  other  preparations  of  the  drug.  Some  of 
these  papers  included  brief  reports  of  chemical  investigations. 
Boinet  and  Boy-Tessier  reported  the  finding  of  an  alkaloid  in 
this  species.'  G.  Sharp/  stated  that  he  was  unable  to  find 
either  alkaloid  or  glucoside  in  the  drug,  and  ascribed  any  active 
properties  that  it  may  have  to  the  resin  that  it  contains.  He 
failed  to  obtain  any  marked  effect  from  the  drug  itself,  and 
took  doses  of  forty  and  one  hundred  of  the  cactus  pills,  pre- 
pared from  Cactus Mexicana,  without  result.  This  ispractically  all 
that  has  been  done  in  the  way  of  chemical  investigation  of  this 
class  of  plants  in  recent  years,  excepting  the  species  that  we  are 
to  consider  and  a  few  species  closely  related  thereto. 

As  far  as  I  have  been  able  to  learn,  three  groups  of  persons 
have  been  especially  active  in  the  scientific  study  of  the  Cac- 
taceae  during  the  last  decade  :  First,  a  group  of  persons  at  Ber- 
lin, the  center  of  which  is  Dr.  L.  lycwin,  whose  earlier  work  has 
been  reported  in  this  country  in  a  pamphlet  published  by  Parke, 
Davis  &  Co.,  of  Detroit,  and  in  the  Therapeutic  Gazette  {ox  1888  ; 
second,  a  group  of  persons  at  the  Pharmacological  Institute  of 
the  University  of  Leipsic,  where  the  work  has  been  conducted 
by  Dr.  Arthur  Heffter ;  third,  a  group  of  persons  in  this  city, 
centering  in  the  Bureau  of  American  Ethnology,  and  including 

1  Bulletin  giniral  de  Tkerapeutique,  iSgj,  xai,  343-349. 
S  London  Practitioner^  1894. 
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as  associates  the  Division  of  Chemistry  of  the  Department  of 
Agriculture  for  chemical  studies,  Drs.  Prentiss  and  Morgan  for 
the  study  of  physiological  properties,  and  the  Botanical  Division 
of  the  Department  of  Agriculture  for  the  settlement  of  botanical 
questions.  These  more  recent  investigations  have  been  directed 
toward  one  or  more  species  of  cacti  that  are  used  by  the  Ameri- 
can Indians  for  ceremonial  and  medicinal  purposes.  This  sub- 
stance, known  as  ** mescal  buttons"  in  the  commerce  of  our 
southwestern  border  and  in  Mexico  zspeyote  or  pellote^  has  been 
of  commercial  and  medicinal  importance  in  Mexico  for  many 
years,  being  mentioned  by  Spanish  writers  as  early  as  1790.  It 
was  included  in  the  Mexican  Pharmacopoeia  of  1842,  but  has 
been  omitted  from  the  later  editions.  The  species  furnishing 
the  *' mescal  buttons  "  is  Anhalonium  Lewinii  (Hennings),  for 
which  the  synonymous  names  are  Anhalonium  Williamsii,  var., 
Lewinii  and  Lophophora  Williamsii,  var . ,  Lewinii,  There  seems  to 
be  evidence  that -^«Aa/t?«zttw  W^////flWjM  also  contributes  to  the 
supply  of  *  *  mescal  buttons  * '  and  pellote.  This  latter  species  is 
likewise  burdened  with  an  abundance  of  names,  being  known 
among  botanists  by  the  names  of  Echinocacius  Williamsii  and 
Lophophora  Williamsii,  in  addition  to  the  one  just  used  to  des- 
ignate it. 

For  a  detailed  account  of  the  use  of  the  dried  ** buttons'*  by 
the  Indians,  I  quote,  by  permission,  from  a  recent  article  on  the 
subject  by  Mr.  James  Mooney  of  the  Bureau  of  American 
Ethnology : ' 

**  About  five  years  ago,  while  making  investigations  among 
the  Kiowa  Indians  on  behalf  of  the  Bureau  of  Ethnology,  the 
attention  of  the  writer  was  directed  to  the  ceremonial  use  of  a 
plant  for  which  were  claimed  wonderful  medical  and  psychologic 
properties.  So  numerous  and  important  are  its  medical  applica- 
tions, and  so  exhilarating  and  glorious  its  effect,  according  to 
the  statements  of  the  natives,  that  it  is  regarded  as  the  vegetable 
incarnation  of  a  deity,  and  the  ceremonial  eating  of  the  plant 
has  become  the  great  religious  rite  of  all  the  tribes  of  the  south- 
ern plains.  ♦*****•♦* 

I  The  Mescal  Plant  and  Ceremony,  by  James  Mooney.  Therapeutic  Gazette^  Janu- 
ary, 1896. 
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'*As  a  matter  of  fact,  there  are  several  varieties,  probably  all 
of  the  same  genus,  used  by  *the  Indians  in  a  ceremonial  way. 
The  explorer  Lumholtz  mentions  three  varieties  among  the 
Tarahumari  of  northern  Mexico,  (see  his  article  in  Scribner's 
Magazine  for  October,  1894).  A  different  sort,  from  the  lower 
Rio  Grande,  is  used  by  the  Kiowas  and  associated  tribes,  and 
a  smaller  variety  is  found  among  the  Mescalero  Apaches  of 
eastern  New  Mexico.  In  each  language  it  has  a  different  name, 
usually  referring  to  the  prickles.  Among  the  Kiowas  it  was 
sehi\  among  the  Comanches,  wokowi ;  with  the  Mescaleros,  ho  ; 
and  with  the  Tarahumaris,  hikori.  The  traders  of  the  Indiaq 
Territory  commonly  call  it  mescal,  although  it  must  not  be  con- 
founded with  another  mescal  in  Arizona,  the  Agave,  from 
which  the  Apaches  prepare  an  intoxicating  drink.  The  local 
Mexican  name  upon  the  Rio  Grande  is  pcyote  or  pelloie,  from 
the  old  Aztec  name  peyotl, 

'*  The  use  of  the  plant  for  medical  and  religious  purposes  is 
probably  as  ancient  as  the  Indian  occupancy  of  the  region  over 
which  it  grows.  There  is  evidence  that  the  ceremonial  rite  was 
known  to  all  the  tribes  from  the  Arkansas  to  the  valley  of 
Mexico,  and  from  the  Sierra  Madre  to  the  coast.  The  Mesca- 
lero Apaches  take  their  name  from  it.  Personal  inquiry  among 
the  Navajos  and  Mokis  proved  that  they  had  no  knowledge 
of  it. 

''  In  proportion  as  the  plant  was  held  sacred  by  the  Indians, 
so  it  was  regarded  by  the  early  missionaries  as  the  direct  inven- 
tion of  the  devil,  and  the  eating  of  the  peyote  was  made  a  crime 
equal  in  enormity  to  the  eating  of  human  flesh.  Prom  the 
beginning  it  has  been  condemned  without  investigation,  and 
even  under  the  present  system  severe  penalties  have  been 
threatened  and  inflicted  against  Indians  using  it  or  having  it 
in  their  possession.  Notwithstanding  this,  practically  all  the 
men  of  the  Southern  Plains  tribes  eat  it  habitually  in  the  cere- 
mony, and  find  no  difficulty  in  procuring  all  they  can  pay  for. 
In  spite  of  its  universal  use  and  the  constant  assertion  of  the 
Indians  that  the  plant  is  a  valuable  medicine  and  the  ceremony 
a  beautiful  religious  rite,  no  agency  physician,  post  surgeon. 
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missionary,  or  teacher — ^with  a  single  exception — ^has  ever  tested 
the  plant  or  witnessed  the  ceremony. 

'*A  detailed  account  of  mythology,  history  and  sacred  ritnal 
in  connection  with  the  mescal  would  fill  a  volume.  Such  an 
account,  to  be  published  eventually  by  the  Bureau  of  Ethnology, 
the  writer  is  now  preparing,  as  the  result  of  several  years  of 
field  study  among  the  Southern  Plains  tribes. 

**The  ceremony  occupies  from  twelve  to  fourteen  hours, 
beginning  about  nine  or  ten  o'clock  and  lasting  sometimes  until 
nearly  noon  the  next  day.  Saturday  night  is  now  the  time 
usually  selected,  in  deference  to  the  white  man's  idea  of  Sunday 
as  a  sacred  day  and  a  day  of  rest.  The  worshippers  sit  in  a 
circle  around  the  inside  of  the  sacred  tipi,  with  a  fire  blazing  in 
the  center.  The  exercises  open  with  a  prayer  by  the  leader, 
who  then  hands  each  man  four  mescals,  which  he  takes  and  eats 
in  quick  succession,  first  plucking  out  the  small  tufts  of  down 
from  the  center.  In  eating,  the  dry  mescal  is  first  chewed  in 
the  mouth,  then  rolled  into  a  large  pellet  between  the  hands, 
and  swallowed,  the  man  rubbing  his  breast  and  the  back  of  his 
neck  at  the  same  time  to  aid  the  descent.  After  the  first  round 
the  leader  takes  the  rattle,  while  his  assistants  take  the  drum, 
and  together  they  sing  the  first  song  four  times,  with  full  voices, 
at  the  same  time  beating  the  drum  and  shaking  the  rattle  with 
all  the  strength  of  their  arms.  The  drum  and  rattle  are  then 
handed  to  the  next  couple,  and  so  the  song  goes  on  round  and 
round  the  circle — ^with  only  a  break  for  the  baptismal  ceremony 
at  midnight,  and  another  for  the  daylight  ceremony — ^until  per- 
haps nine  o'clock  the  next  morning.  Then  the  instruments  are 
passed  out  of  the  tipi,  the  sacred  foods  are  eaten,  and  the  cere- 
mony is  at  an  end.  At  midnight  a  vessel  of  water  is  passed 
around,  and  each  takes  a  drink  and  sprinkles  a  few  drops  upon 
his  head. .  Up  to  this  hour  no  one  has  moved  from  his  position, 
sitting  cross-legged  upon  the  g^und  and  with  no  support  for 
his  back,  but  now  any  one  is  at  liberty  to  go  out  and  walk  about 
for  a  while  and  return  again.  Pew,  howover,  do  this,  as  it  is 
considered  a  sign  of  weakness.  The  sacred  food  at  the  close 
of  the  ceremony  consists  of  parched  corn  in  sweetened  water ; 
rice  or  other  boiled  grain  ;  boiled  fruit,  usually  now  prunes  or 
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dried  apples  ;  and  dried  meat  pounded  up  with  sugar.  Every 
person  takes  a  little  of  each,  first  taking  a  drink  of  water  to  clear 
his  mouth. 

"After  midnight  the  leader  passes  the  mescal  around  again, 
giving  to  each  man  as  many  as  he  may  call  for.  On  this  second 
round  I  have  frequently  seen  a  man  call  for  ten  and  eat  them  one 
after  the  other  as  rapidly  as  he  could  chew.  They  continue  to 
eat  at  intervals  until  the  close.  There  is  much  spitting,  and 
probably  but  little  of  the  juice  is  swallowed.  Every  one  smokes 
hand-made  cigarettes,  the  smoke  being  regarded  as  a  sacred 
incense.  At  intervals  some  fervent  devotee  will  break  out  into 
an  earnest  prayer,  stretching  his  hands  out  toward  the  fire  and 
the  sacred  mescal  the  while.  For  the  rest  of  the  time,  when  not 
singing  the  song  and  handling  the  drum  or  rattle  with  all  his 
strength,  he  sits  quietly  with  his  blanket  drawn  about  him  and 
his  eyes  fixed  upon  the  sacred  mescal  in  the  center,  or  perhaps 
with  his  eyes  shut  and  apparently  dozing.  He  must  be  instantly 
ready,  however,  when  his  turn  comes  at  the  song,  or  to  make  a 
prayer  at  the  request  of  some  one  present,  so  that  it  is  apparent 
that  the  senses  are  always  on  the  alert  and  under  control  of  the 
will. 

**  There  is  no  preliminary  preparation,  such  as  by  fasting  or 
the  sweat-bath,  and  supper  is  eaten  as  usual  before  going  in. 
The  dinner,  which  is  given  an  hour  or  two  after  the  ceremony, 
is  always  as  elaborate  a  feast  as  the  host  can  provide.  The  rest 
of  the  day  is  spent  in  gossiping,  smoking,  and  singing  the  new 
songs,  until  it  is  time  to  return  home.  They  go  to  bed  at  the 
usual  time,  and  are  generally  up  at  the  usual  time  the  next 
morning.  No  salt  is  used  in  the  food  until  the  day  after  the 
ceremony. 

'*As  a  rule,  only  men  take  part  in  the  regular  ceremony,  but 
sick  women  and  children  are  brought  in,  and,  after  prayers  for 
their  recovery,  are  allowed  to  eat  one  or  more  mescals  prepared 
for  them  by  the  priest.*' 

It  is  to  Mr.  Mooney  that  we  are  indebted  for  the  commence- 
ment of  the  scientific  study  of  the  drug  in  this  country.  On  his 
return  in  the  summer  of  1894,  from  a  prolonged  residence  among 
the  tribes  that  use  the  drug,  he  brought  with  him  a  considerable 
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quantity  of  the  dried  **  buttons"  for  use  in  scientific  investiga- 
tions. A  portion  of  this  material  was  turned  over  to  Dr.  H.  W. 
Wiley,  Chief  of  the  Division  of  Chemistry  of  the  Department  of 
Agriculture,  for  a  study  of  its  chemical  constituents.  This  task 
was  assigned  to  the  author  by  Dr.  Wiley  in  September,  1894. 
The  only  literature  of  the  subject  at  hand  at  that  time  was  the 
article  published  by  Dr.  Lewin  in  1888,'  in  which  he  announced 
the  discovery  and  name,  anhalonin,  of  an  alkaloid  in  An- 
kaionium  Lewinii,  a  name  that  had  been  given  to  the  plant 
furnishing  *' mescal  buttons''  by  Hennings,  the  botanist  to 
whom  Lewin  intrusted  the  botanical  identification  of  the  crude 
material  in  which  the  alkaloid  was  found.  Work  had  hardly 
been  begun  in  the  laboratory  of  the  Department  of  Agriculture 
with  the  result  of  the  separation  of  a  considerable  portion  of 
Lewin's  anhalonin,  when  Dr.  Heffter*  published  an  article  in 
which  he  reported  the  results  of  a  chemical  study  of  four  species 
of  the  genus  Anhalonium  :  A.  fissuraium^  A,  prumaticum^  A. 
Williamsii^  A,  Lewinii,  This  was  quickly  followed  by  a  report 
by  Lewin  of  the  continuation  of  his  experiments  mentioned 
above.' 

For  the  aid  of  the  American  readers  who  may  feel  an  interest 
in  this  subject,  the  writer  has  prepared  the  following  table,  in 
which  the  results  of  the  investigations,  hitherto  reported,  of  the 
three  more  thoroughly  studied  species  of  anhalonium,  are  pre- 
sented in  a  convenient  form  for  reference  and  comparison  : 

^  Archivfur  experimenUUe  Futhologie  und  Pkarmakologu,  i88S,  94,  401;  Tkeraptutic 
Gazette^  1888,  p.  33a,  and  in  a  pamphlet  issued  by  Parke,  Davis  &  Co.,  of  Detroit,  the 
same  beins:  a  reprint  from  "  The  Pharmacology  of  the  Newer  Materia  Medica." 

<  Archiv/Ar  experimenUlU  Puthologie  nnd  Pharmakoloigie^  1894,  34*  65-86. 

^Archivfkr  experimenUlle  Pathologic  and  Pharmakologie,  1894,  34,  374-J9I- 
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All  of  the  bases  mentioned  in  the  above  table  are  possessed  of 
marked  physiological  properties,  and  produce  death  when 
administered  to  the  lower  animals  in  sufficient  doses.  The 
nature  and  extent  of  the  physiological  activity  of  these  alkaloids 
as  determined  by  the  experiments  of  Lewin  and  HefiFter,  are 
shown  in  the  following  table  : 
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The  materials  used  by  I^ewin  in  his  experiments  reported  in 
1894  were  prepared  in  the  laboratory  of  J  .  Merck  &  Co.,  of 
Darmstadt.  .In  their  report  to  Lewin,  mention  was  made  of  the 
presence  of  still  a  third  base  in  the  drug,  which  forms  a  crystal- 
lizable  Jiydrochlorate  that  is  easily  soluble  in  cold  water.  It 
seems  quite  possible  that  the  substance  described  under  the 
name  of  "  amorphous  anhalonin  hydrochlorate"  was  a  mixture 
of  alkaloidal  hydrochlorates. 

Heffter  also  made  a  cursory  examination  of  a  small  sample  of 
Anha/onium  prismaiicum  and  ionnd  it  to  contain  a  small  per- 
centage of  alkaloidal  constituents  possessing  high  physiological 
activity. 

In  the  article  published  by  Lewin,  in  1894,  and  cited  above, 
mention  is  made  of  a  partial  analysis  of  a  sample  of  Anhalonium 
Jourdahianum  made  in  1889  with  the  result*  of  the  separation  of 
an  alkaloid  that  formed  a  crystalline  hydrochlorate  and  resem- 
bled anhalonin  in  its  characteristic  color-reaction  as  well  as  the 
nature  of  its  physiological  action  upon  frogs.  In  the  same  ar- 
ticle report  is  also  made  of  an  examination  of  Anhalonium 
Williamsii,  several  species  of  Mammillaria,  and  one  species  of 
Opuntia.  The  study  of  A.  Williamsii^  which  was  made  in  189 1, 
resulted  in  the  separation  of  an  alkaloid  that  caused  an  increase 
of  reflex  excitability,  and  marked -tetanus  when  administered  to 
frogs.  The  tendency  of  the  tetanic  condition  to  continue  for 
several  days  was  very  pronounced.  The  milky  juices  yielded 
by  Mamillaria  pofyihele,  M.  centricirrka  var.  pachytheU,  M,  put- 
chra,Haw,<tnd M.  arieiina,  were  found  to  possess  no  poisonous 
properties.  Mammillaria  uberifotmis  was  found  to  be  poison- 
ous. Rhipsalis  conjeria,  a  member  of  the  Opuntia  group,  yielded 
a  slimy  juice  that  was  difficultly  soluble  in  water.  When  this 
was  administered  to  frogs  by  hypodermic  injection  a  paralysis 
of  the  voluntary  muscles  was  produced,  which  was  followed  by 
heart  failure. 

It  is  very  apparent  from  the  results  of  the  investigations 
which  I  have  thus  briefly  summarized,  that  the  Cadaceae  is  a 
group  of  plants  worthy  the  attention  of  the  botanist,  the  chem- 
ist, the  pharmacologist,  the  physician,  and  the  toxicologist,  as 
well  as  the  attention  of  the  entire  mass  of  nature-loving  human- 
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ity.  It  is  to  be  hoped  that  American  scientists  will  not  leave  the 
task  of  exploring  this  promising  field  entirely  to  workers  beyond 
the  sea,  considering  our  proximity  to  much  of  the  necessary 
material. 

It  is  the  purpose  of  the  present  article  to  bring  the  subject  to 
the  attention  of  American  investigators  and  to  briefly  outline 
the  work  that  has  been  done  in  the  laboratory  of  the  U.  S. 
Department  of  Agriculture.  **  Mescal  buttons/'  thedried,  com- 
mercial form  of  Ankalonium  Lewinii,  have  served  as  the  start- 
ing point  for  all  our  investigations.  Fig.  i  shows  the  appear- 
ance of  the  **  buttons*'  when  viewed  upon  the  top,  upon  the 
edge,  and  upon  the  under  side. 

Figs.  2,  3,  4,  and  5,  show  the  appearance  of  living  specimens 
of  Ankalonium  Lewinii^  A,  Williatnsii^  A,  fissuraiuni^  and  A, 
prismaticutn,  respectively,  the  illustrations  being  prepared  from 
photographs  made  by  the  author  from  plants  growing  in  the 
National  Botanical  Gardens. 

An  alkaloid  corresponding  in  its  properties  to  Lewin*s  anha- 
lonin  has  been  prepared  in  a  considerable  amount  and  in  a  high 
state  of  purity.  Fig.  6  shows  the  appearance  of  the  bottom  of  a 
crystallizing  dish  in  which  the  hydrochlorate  was  crystallized 
from  alcohol  by  spontaneous  evaporation  over  sulphuric  acid  in 
a  vacuum. 

A  second  and,  very  recently,  a  third  alkaloid  have  been  sepa- 
rated from  the  drug.  All  three  of  these  alkaloidal  preparations 
have  been  subjected  to  physiological  tests  by  Drs.  Prentiss  and 
Morgan,  and  the  results  of  their  investigations  will  soon  be  pub- 
lished in  the  Medical  Record,  They  have  recently  published 
two  articles  upon  the  physiological  action  and  therapeutic  value 
of  the  crude  drug  in  the  Therapeutic  Gazetted  As  for  the  third 
alkaloid  separated,  let  it  suffice  to  say  for  the  present  that  it  has 
been  found  to  be  much  stronger  than  any  alkaloid  hitherto  sepa- 
rated from  any  member  of  the  genus  Anhalonium,  as  0.02 — 0.025 
gram  of  its  hydrochlorate  per  kilo  or  body  weight  is  fatal  to  rab- 
bits, and  0.03  gram  per  kilo  of  body  weight  suffices  to  kill  a  full 
grown  guinea-pig.  The  hydrochlorate  of  this  alkaloid  crj'stal- 
lizes  in  nodular  groups  of  radiating  needles.     Fig.  7  was  made 

I  Sept,  /^s,  aud  Jan.,  1^96. 
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from  a  photograph  of  crystals  obtained  by  the  spontaneous 
evaporation  of  a  solution  of  the  alkaloidal  salt  in  ninety  percent, 
alcohol. 

An  examination  of  the  resinous  constituents  of  the  plant  is  in 
progress,  as  well  as  a  study  of  those  of  its  constituents  that  are 
of  interest  to  the  vegetable  physiologist  rather  than  to  the 
therapeutist. 

A  more  extended  report  of  this  work  is  reserved  for  a  future 
paper.  Before  closing  this  preliminary  announcement,  how- 
ever, I  wish  to  express  my  indebtedness  to  Dr.  Wiley  for  much 
greatly  appreciated  assistance  in  the  work,  and  to  Dr.  Brown  for 
the  aid  that  he  very  kindly  rendered  me  in  the  preparation  of 
the  photographs  used  for  the  illustration  of  the  article.  I  also 
desire  to  express  my  appreciation  of  the  patience  with  which 
both  Dr.  Wiley  and  the  gentlemen  of  the  Bureau  of  Ethnology- 
have  awaited  the  progress  of  this  work,  which  has  been 
largely  limited  to  spare  moments  not  required  by  other  duties. 

Washington.  D.  C.  May  ix.  1896. 
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By  Frederic  P.  Dbwey. 

Received  May  91.  1896. 

THE  time  is  fast  approaching  when  more  chemistry  must  be 
used  in  the  extraction  of  the  precious  metals  in  the  United 
States.  The  chief  objections  to  chemical  methods  are  the  tech- 
nical skill  required  in  the  management,  the  higher  grade  of  labor 
necessary  and  the  time  required  to  turn  out  product,  thus  lock- 
ing up  large  amounts  of  capital ;  but  these  difficulties  are  becom- 
ing less  applicable  all  the  time.  Then  too,  the  wonderful  suc- 
cess attained  in  this  country  in  extracting  the  precious  metals 
by  smelting  with  lead  has  retarded  the  application  of  chemical 
methods. 

The  chemical  process  of  extracting  silver  by  lixiviating,  or 
leaching  its  ores  with  solution  of  hyposulphite  of  sodium,  was 
introduced  by  von  Patera  in  1858,  and  has  been  variously 
improved,  notably  by  the  substitution  of  the  calcium  salt  for 

1  Read  before  the  Washington  Section  of  the  American  Chemical  Society.  March  12. 
1896. 
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the  sodium  salt.  This  process,  however,  had  some  serious  dis- 
advantages, the  two  most  important  being  the  necessity*  for  a 
high  degree  of  chlorination  and  the  recovery  of  the  precious 
metals  in  the  form  of  sulphides. 

In  order  to  get  a  satisfactory  extraction  it  was  necessar>''  to 
chlorinate  thoroughly,  and  this  was  not  always  possible,  especi- 
ally in  the  presence  of  lime.  Mr.  £.  H.  Russell  discovered, 
however,  that  the  addition  of  a  copper  salt  to  the  hyposulphite 
of  sodium  solution,  resulting  in  the  formation  of  a  cuprous  sodium 
hyposulphite,  largely  increased  the  solvent  power  of  the  solution 
for  the  ordinary  silver  minerals  in  ores,  so  that  it  was  not  necefs- 
sary  to  roast  with  salt  so  carefully  or  so  thoroughly;  or,  with 
equal  care  in  roasting  Russell's  '*  Extra  Solution,"  as  it  is 
called,  will  take  out  more  silver  than  a  plain  hyposulphite  solu- 
tion. In  other  words,  the  use  of  the  double  h3rposulphite  increased 
the  extraction  of  silver  by  the  leaching  process. 

The  Russell  process  can  be  applied  to  some  ores  without 
roasting,  but  in  general  the  ores  are  roasted  with  salt.  They 
are  then  charged  into  large  vats  and  leached  with  water  to 
extract  soluble  salts ;  they  are  then  treated  with  a  succession  of 
hyposulphite  solutions  of  varying  compositions  and  strengths, 
according  to  the  character  of  the  ore,  and  are  finally  washed 
with  water  to  displace  the  hyposulphite  solution.  The  tailings 
are  then  run  to  waste.  The  various  solutions  carrying  the 
precious  metals  are  gathered  up  in  large  vats  and  precipitated 
with  sodium  sulphide.  This  produces  a  precipitate  of  sulphides 
of  gold,  silver,  copper  and  a  little  lead.  Most  of  the  lead  of  the 
solutions  is  generally  precipitated  by  a  previous  treatment  with 
sodium  carbonate. 

The  Russell  process  has  also  been  applied  with  marked  success 
to  the  tailings  of  other  processes,  such  as  amalgamation  and  the 
old  process  of  lixiviation  with  plain  hyposulphite.  Under 
favorable  circumstances,  tailings  can  be  lixiviated  for  $1.50  to 
$2.00  a  ton. 

The  actual  extraction  of  the  silver  by  the  Russell  process 
reaches  a  high  percentage  of  the  total  silver  present  in  the  ore. 
In  one  instance  a  mill  treating  nearly  23,000  tons  a  year  aver- 
aged nearly  ninety-four  per  cent,  for  the  whole  year.     With 
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tailings  the  extraction  is  hot  so  high,  being  from  fifty  to  seventy 
per  cent. 

Having  brought  the  extraction  of  the  silver  from  the  ore  up 
to  a  satisfactory  figure  there  remains  the  question  of  dealing 
with  the  sulphide  precipitate.  For  a  long  time  this  was  admit- 
tedly the  weakest  point  in  the  leaching  process. 

After  going  through  all  the  operations  of  crushing,  roasting, 
leaching  and  precipitating,  the  best  we  can  say  is  that  we  have 
a  rich  concentrate,  which  requires  further  treatment  to  convert 
the  precious  metals  contents  into  saleable  forms. 

It  is  true  that  these  concentrates  are  often  very  rich  and  may 
even  carry  a  higher  silver  percentage  than  the  bullion  produced 
by  many  amalgamating  mills,  or  even  by  amalgamating  the  same 
ores,  but  the  silver,  as  well  as  the  other  metals,  are  chemically 
combined  with  sulphur,  and  they  are  also  in  bad  physical  con- 
dition, being  dry  powders  which  are  very  susceptible  to  loss  in 
handling,  while  their  sampling  and  assaying  present  unusual 
difficulties. 

The  improvement  in  leaching,  introduced  by  the  Russell  pro- 
cess and  the  success  of  this  process  has  stimulated  the  develop- 
ment of  processes  for  refining  the  sulphides.  In  the  early  days 
several  processes  of  dealing  with  the  sulphides  were  proposed 
and  some  of  them  tried  more  or  less,  but  the  business  finally  set- 
tled down  to  sending  the  sulphides  to  the  smelters  for  treatment, 
although  this  was  well  known  to  be  troublesome  and  expensive. 
In  1891  Mr.  C.  A.  Stetefelt  introduced  at  the  Marsac  Mill,  Park 
City,  Utah,  an  unpatented  process  which  was  built  up  out  of 
the  general  fund  of  information  available.  The  process  con- 
sisted in  matting  the  sulphides,  grinding,  roasting,  grinding 
again  and  dissolving  the  copper  out  in  dilute  sulphuric  acid, 
then  melting  the  silver  and  crystallizing  the  bluestone.  It  did^ 
not  yield  fine  bullion,  but  the  bullion  had  to  be  refined  as  well 
as  parted,  besides  there  was  some  loss.  This  process  was  thor- 
oughly tried  at  the  Marsac  Refinery,  and  then  a  year's  run  was 
made,  the  net  results  of  which  was  that  it  did  not  prove  suffi- 
ciently better  than  sending  the  sulphides  to  smelters. 

In  1893  the  Dewey- Walter  Refining  Company  undertook  the 
refining  of  the  Daly  sulphides  in  the  the  Marsac  Refinery  by  the 
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sulphuric  acid  process,  upon  which  a  United  States  patent  has 
been  issued  to  the  writer.  Naturally  difficulties  were  encoun- 
tered in  starting  a  new  process  and  much  of  1893  was  taken  up 
in  getting  the  process  into  smooth  working  order,  but  in  1894  a 
run  was  started  in  which  all  the  regular  sulphides  produced  by 
the  Marsac  Mill  in  1894  were  refined  and  thus  a  complete  set  of 
statistics  of  the  operation  of  the  process  was  obtained. 

Broadly  speaking  the  process  consists  of  six  main  operations : 

First,  Boiling  the  sulphides  with  strong  sulphuric  acid  in  an 
iron  pot. 

Second,  Dissolving  out  the  sulphates  of  copper  and  silver  in  a 
lead  lined  tank,  leaving  a  residue  containing  the  gold  and  lead  of 
the  sulphides  and  also  rich  in  silver. 

Third,  Precipitating  the  silver  out  of  the  filtered  solution  by 
copper  plates. 

Fourth,  Sweetening,  drying,  pressing  and  melting  the  cement 
silver. 

Fifth.  Treatment  of  the  solutions  after  the  removal  of  the  sil- 
ver to  crystallize  the  sulphate  of  copper  and  recover  the  excess 
of  acid  for  reuse. 

Sixth,  Treatment  of  the  gold-bearing  residues. 

The  1894  run  of  the  Marsac  Leacher  produced  116,519!^ 
pounds  of  regular  sulphides,  which  were  treated  by  this  process. 
For  convenience  they  were  divided  into  twenty-five  lots,  mostly 
from  4,500  to  5,500  pounds  in  weight.  As  reported  by  the 
assayer  of  the  Daly  Mining  Company,  these  lots  varied  in  com- 
position as  follows : 

COMPOSITION,    DALY  SULPHIDES   FOR    1894. 

silver.  Gold.  Copper.  Lead. 

Ounces  Ounces  Per  Per 

per  ton.  per  ton.  cent.  cent. 

Marimum 11,127  I4<8  32.9  0.2 

Minimum 7.835  7  6  20.3  0.6 

Average 9,827.4  1 1 .225  27.17  0.33 

The  totals  were : 

Silver 572,544.4  ounces. 

Gold 646.1       ** 

Copper 3i»585-3  pounds. 

Lead 385.6 


RBPINING  LIXIVIATION  SULPHIDBS.  647 

THE   PLANT. 

The  plant  required  is  simple  and  all  of  it  is  well  known.  It 
is  easily  managed  and  no  especially  skilled  labor  is  required.  It 
consists  of  two  ordinary  iron  pots,  such  as  are  used  in  parting 
bullion  ;  a  series  of  twenty-one  lead-lined  tanks  for  dissolving, 
filtering  the  solutions,  precipitating  the  silver  and  filtering  off 
and  sweetening  the  cement  silver,  together  with  crystallizers  to 
recover  the  bluestone,  and  evaporators  to  concentrate  the  mother 
liquors  for  reuse  in  the  pot ;  a  dryer  and  press  for  the  cement 
silver ;  furnace  for  melting  the  bullion  ;  four  storage  tanks  for 
acid  ;  and  pumps  for  handling  the  liquids.  The  large  pot  for 
boiling  the  sulphides  is  forty-six  inches  in  diameter  and  three 
feet  deep.  It  is  hung  by  its  rim  on  a  cast  iron  plate  and  is 
enclosed  in  brick  work  over  a  fire-box.  It  stands  fourteen 
feet  from  the  floor  and  is  provided  with  a  suitable  hood  and 
stack  to  take  off  the  fumes.  The  smaller  pot  is  used  for  boiling 
the  residues.  The  tanks  are  arranged  in  steps  to  allow  the 
descent  of  the  solutions  from  one  to  the  other  by  gravity. 

THE    PROCESS. 

The  process  consists  in  boiling  the  sulphides  in  strong  sul- 
phuric acid  to  convert  the  sulphides  into  sulphates.  The  sul- 
phate of  silver  is  soluble  in  strong  sulphuric  acid,  but  the  anhy- 
drous sulphate  of  copper  is  practicably  insoluble.  Owing  to  the 
large  percentage  of  copper,  averaging  twenty-seven  per  cent,  in 
1894,  in  the  sulphides  a  large  quantity  of  insoluble  sulphate  is 
produced,  and  this  is  one  of  the  most  serious  difficulties  of  the 
process.  After  boiling  the  charge  is  removed  to  the  dissolving 
tank,  in  which  are  put  wash  water  and  weak  solutions.  Here  the 
copper  sulphate  goes  into  solution  along  with  the  silver.  The 
solution  is  filtered  into  the  precipitating  tanks  where  the  silver 
is  precipitated  by  metallic  copper,  after  which  the  solutions  are 
concentrated  and  go  to  the  crystallizers  to  recover  the  bluestone. 
Periodically  the  cement  silver  is  removed  to  the  filter,  sweetened, 
dried,  pressed  and  melted.  The  mother  liquors  are  concentrated, 
crystallized  and  the  recovered  acid  finally  sent  back  to  the  pot. 
The  residue  in  the  dissolving  tank  is  taken  out,  washed  some- 
what and  reboiled  in  acid  to  remove  as  much  as  possible  of  the 
silver  that  it  contains. 
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PRACTICAI,  OBSERVATIONS. 

A  charge  of  about  975  pounds  is  put  into  the  pot  in  the  morn- 
ing with  about  1,000  pounds  of  66^  acid  and  thoroughly  mixed 
and  the  charge  heated.  At  first  the  reaction  is  rather  violent; 
sulphur  dioxide  is  copiously  evolved  and  the  fumes  carry  con* 
siderable  sulphur,  which  gives  them  a  yellowish  color.  At  this 
stage  a  steam  jet  may  be  required  to  increase  the  draught. 
After  a  while  the  reaction  settles  down  and  the  normal  charge 
boils  quietly  until  near  the  end.  As  soon  as  the  charge  gets 
stiff,  more  acid,  about  100  pounds,  is  added,  until  about  3,000 
pounds  have  been  added.  Toward  the  end,  evaporated  acid  is 
used.  As  the  boiling  goes  forward  anhydrous  sulphate  of  cop- 
per is  formed  in  large  quantities  which  separate,  forming 
granular  masses.  This  necessitates  frequent  stirring  of  the  charge 
and  this  in  turn  is  hard  on  the  pots.  A  net-work  of  cracks 
develops  and  finally  the  acid  finds  its  way  through,  when  the 
pot  must  be  replaced.  In  the  1894  run  nine  pots  were  used,  two 
of  which  were  short-lived.  Better  results  have  been  obtained 
since. 

The  progress  of  the  operation  can  be  watched  by  taking  out 
a  small  sample  of  the  charge,  treating  with  water  and  adding 
hydrochloric  acid  to  the  solution  ;  but  this  is  not  necessary  after 
getting  familiar  with  the  process,  since  the  color  changes  from 
black  to  brown  or  dark  gray.  About  ninety  per  cent,  of  the 
total  acid  used  is  added  before  the  charge  begins  to  show  solu- 
ble silver  salts.  Then  the  charge  foams  violently  and  must  be 
constantly  stirred  while  the  fire  must  be  lowered.  In  about  an 
hour  the  foaming  is  over  and  the  charge  is  finished.  This 
usually  occurs  in  the  afternoon  of  the  day  after  starting.  On 
the  second  morning  the  charge  is  warmed  up,  generally  with  the 
addition  of  some  acid  and,  as  it  is  rather  thick,  it  is  ladled  out 
into  a  trough  which  delivers  it  to  the  dissolving  tank.  The  pot 
is  then  started  on  a  new  charge. 

The  dissolving  tank  is  filled  with  cold  water  within  six  or 
eight  inches  and  tightly  covered,  since  the  introduction  of  the 
charge  generates  much  heat.  After  the  charge  is  in,  the  cover 
is  raised  and  the  solution  stirred  with  a  paddle  and  boiled  with 
steam,  after  which  it  is  settled  and  drawn  into  the  filters.     The 
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first  tankful  of  solution  contains  most  of  the  copper.  It  is  run 
into  a  small  precipitating  tank  and  kept  separate  from  the  rest 
of  the  solution.  The  charge  now  resembles  thick  white  mud 
and  is  washed  eight  or  ten  times  with  weak  acid  solutions  to 
remove  the  silver,  after  which  the  residue  is  thrown  into  a  filter. 
This  residue  varies  very  much,  running  from  5,000  to  19,000 
ounces  silver  per  ton  and  fifty  to  100  ounces  gold,  the  balance 
being  mainly  sulphate  of  lead. 

The  filters  are  three  to  four  inches  of  clean  quartz  sand  on  a 
foundation  of  lead  plates,  cocoa  matting  and  asbestos  cloth, 
resting  on  lead  strips,  giving  a  space  below.  It  is  impracticable 
to  settle  all  the  very  fine  residue  in  the  dissolving  tank,  so  some 
of  it  passes  over  into  the  filters  and  chokes  them  up.  In  about 
two  weeks  the  filters  must  be  washed  by  a  stream  of  water  from 
below  and  the  muddy  water  pumped  off  the  top. 

The  solution  has  a  reducing  action  and  immediately  a  sepa- 
ration of  metallic  silver  begins  in  the  dissolving  tank,  often  with 
the  formation  of  beautiful  growths  upon  the  surface  of  the 
liquid,  and  this  reaction  continues  in  the  filters.  By  this  reac- 
tion metallic  silver  is  found  in  the  first  residue  and  some  10,000 
ounces  may  accumulate  in  the  filters  during  a  year's  run. 

From  the  filters  the  solution  goes  to  the  precipitating  tanks, 
where  the  silver  is  precipitated  by  copper,  cathode  plates  from 
an  electrolytic  refinery  being  used.  The  first  or  copjper  solutions 
require  a  long  time  to  precipitate,  sometimes  eighteen  hours, 
but  ordinary  solution  is  precipitated  in  four  to  five  hours. 
During  precipitation  the  solution  is  stirred  by  air  and  heated  by 
steam.  When  the  precipitating  tank  is  cold  and  the  hot  solu- 
tion of  silver  sulphate  runs  in,  there  may  be  a  separation  of  sil- 
ver sulphate  which  ma}'  go  into  the  solution  again  as  the  solution 
is  heated  up,  but  some  of  it  may  also  remain  with  the  cement 
silver  and  be  removed  in  washing  the  silver,  in  which  case  the 
wash  water  must  be  treated  with  copper. 

When  about  20,000  ounces  of  cement  silver  have  accumulated 
in  the  precipitating  tanks,  it  is  removed  to  the  sweetening  tank 
and  washed  with  hot  water  and  then  with  acidulated  hot  water 
until  the  ammonia  test  shows  no  copper,  which  takes  about  fif- 
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teen  hours.     The  wash  water  runs  through  a  guard  tank  con- 
taining scrap  iron  and  then  to  waste. 

The  sweetened  silver  is  put  into  sheet  iron  pans  and  dried 
about  twenty-four  hours  in  a  steam  dryer,  pressed  into  cakes, 
dried  again  and  melted.  In  1894  the  melting  was  done  in  cru- 
cibles holding  about  2,400  ounces,  or  two  bars,  and  about  a  pound 
and  a  half  each  of  borax  and  niter  were  used  to  a  crucible. 
The  melted  silver  was  poured  into  heated  and  greased  light 
cast  steel  moulds.  After  pouring  a  little  sugar  was  thrown  on 
the  liquid  silver  and  the  mould  covered  by  a  tight  fitting  cast 
iron  cover.  This  gives  a  very  smooth  surface  to  the  bar. 
When  cool  the  bars  are  hammered  up  and  marked.  The  aver- 
age fineness  for  1894  was  999.4  silver  with  no  gold,  446  bars 
were  shipped,  of  which  401  were  999.5  fine  and  forty-five  were 
999.0  fine. 

The  bluestone  solutions  are  concentrated  to  about  35°to  37*3, 
and  run  into  ordinary  crystallizers  provided  with  lead  strips  and 
allowed  to  stand  two  days  or  more,  when  it  is  pumped  back  to 
the  evaporators  and  run  up  to  42**  B.  It  goes  back  to  the  crys- 
tallizers, and  a  crop  of  crystals  containing  iron  and  but  little 
bluestone  is  obtained.  The  solution  goes  back  to  the  evapora- 
tor. The  crystallizers  are  filled  with  cold  water,  which  dissolves 
most  of  the  iron  and  only  a  little  of  the  copper.  This  solution 
goes  through  the  guard  tank  to  waste.  These  bluestone  crystals 
are  very  small,  but  answer  well  in  the  leacher  in  preparing 
extra  solution.  The  mother  liquid  is  brought  up  to  5o'*-52**  B. 
and  then  allowed  to  stand  in  a  crystallizer  several  days  to  sepa- 
rate iron.  It  is  then  pumped  to  storage  tanks  for  use  in  the  pot* 
While  concentrating,  considerable  iron  separates  in  the  evapora- 
tors. Periodically  this  is  washed  out  and  the  solution  run  to 
waste  through  the  guard  tank. 

After  boiling  five  charges  of  sulphides,  about  750  pounds  of 
wet  residue  are  obtained.  This|is  put  into  the  pot  and  boiled  with 
a  little  more  than  its  own  weight  of  acid,  after  which  it  is  washed 
and  the  final  residue  dried.  This  residue  is  very  complex  in 
composition,  although  it  is  mainly  sulphates  of  silver  and  lead. 
There  appears  to  be  some  acid  sulphate,  for  the  sulphuric  acid 
present  is  far  more  than  sufficient  to  form  normal  sulphates,  and 
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yet  the  sample  is  so  dry  that  the  excess  of  acid  cannot  all  be  free. 
It  contains  the  gold  of  the  sulphides.  During  1894  this  residue 
was  shipped  away  to  the  smelters  for  treatment,  but  at  the 
present  time  it  is  being  melted  on  a  hearth. 

SUPPLIES. 

Sulphuric  acid  is  received  at  the  refinery  in  iron  tank  cars 
holding  40,000  to  50,000  pounds.  It  is  stored  in  two  lead-lined 
wooden  tanks  and  is  elevated  by  a  mountejus  to  two  iron 
receivers  above  the  level  of  the  pots  from  which  it  is  drawn  to 
feed  the  pots.  In  the  1894  run  389,439  pounds  were  used,  being 
an  average  of  3.34  pounds  per  pound  of  sulphides  treated,  or  0.68 
pound  per  ounce  of  silver.  Copper  to  precipitate  the  silver  is 
used  in  the  form  of  cathode  plates,  and  16,832.5  pounds  were 
used,  one  pound  of  copper  precipitating  2.27  pounds  of  silver,  or 
33.1  troy  ounces.  The  ordinary  local  coal  is  used  and  159,000 
pounds  were  used  in  the  1894  run.  The  regular  labor  required 
was  a  superintendent  and  two  men,  with  an  extra  man  to  assist 
the  superintendent  in  melting  bullion.  Occasionally  some  extra 
labor  was  required,  particularly  in  shipping  residue  and  making 
the  annual  clean-up.  Mechanics  were  also  required  for  special 
work  occasionally,  but  the  lead  burning  was  done  by  one  of  the 
regular  men. 

RETURNS. 

^  It  is  a  well  known  fact  that,  in  assaying,  some  of  the  precious 
metals  pass  into  the  slag,  and  some  are  absorbed  by  the  cupel, 
causing  a  loss  in  the  determination.  In  the  case  of  ordinary 
ores,  this  quantity  per  ton  is  generally  small,  although  the  per- 
centage of  the  total  silver  is  large.  In  the  case  of  rich  materials, 
however,  the  percentage  is  low  and  the  actual  quantity  per  ton 
becomes  considerable,  and  when  the  rich  material  carries  copper 
the  loss  of  silver  per  ton  becomes  quite  respectable.  In  our 
business  transactions,  the  sulphides  are  always  settled  for  upon 
an  assay  corrected  for  slag  and  cupel  absorption,  which  shows 
from  100  to  200  or  even  more  ounces  per  ton  more  than  ordinary 
uncorrected  assay  shows.  Even  on  the  corrected  assay  the 
actual  amount  of  silver  returned  by  the  refinery  on  the  year's 
work  was  2,078.81  ounces  more  than  the  assays  called  for,  show- 
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ing  very  plainly  that  even  the  corrected  assays  do  not  show  all 
the  silver  really  present.     This  silver  was  divided  as  follows  : 

I i6»5i9.5  pounds  sulphides  contained  572,544.45  fine  ounces 
of  silver. 

PRODUCT  RETURNED. 

Pine  ouncef  Per  cent, 

silver.  total  silver. 

Pine  bullion,  free  from  gold 55i>329.89  9^-29 

Residue 15,773.41  2.79 

Cleanings 5,328.87  0.93 

On  hand 2,191.09  0.38 

Total 5741623.26  100.36 

Plus  clean-up 2,078.81  0.36 

All  weights  of  sulphides  and  products,  excepting  one  cover- 
ing less  than  200  ounces,  and  all  the  assays  are  the  originals 
made  by  the  Daly  Mining  Company. 

It  is  regarded  as  an  extraordinary  showing  for  a  chemical 
process  on  the  large  scale  to  recover  more  than  the  best  assay 
possible  calls  for. 

As  to 'the  recovery  of  gold,  I  cannot  see  any  reason  why  it 
should  not  equal  the  silver  recovery,  but  the  figures  upon  the 
point  are  not  satisfactory.  The  actual  return  of  gold  for  the 
year  was  606.9  ounces.  The  original  assay  of  the  Daly  Mining 
Company  called  for  654.8  ounces,  but  their  re-assay  on  some  of 
the  samples  reduced  this  to  646.1.  This  left  an  apparent  short- 
age in  the  returns  of  39.2  ounces.  The  same  samples  were 
assayed  by  Mr.  Charles  Earl  under  my  directions,  and  while 
the  silver  result  showed  a  satisfactory  agreement  with  the  Daly 
assays,  yet  his  gold  determinations  called  for  only  602.9  ounces, 
showing  a  plus  clean-up  on  the  year's  work  of  four  ounces. 
After  the  close  of  the  year's  business  a  general  sample  was  pre- 
pared by  taking  proportionate  weights  of  each  of  the  check  samples 
of  the  twenty-five  lots,  and  the  Daly  Co.'s  assay  of  this  sample 
called  for  605.9  ounces,  and  showed  a  plus  clean-up  of  one 
ounce.  Mr.  Earl  is  no  longer  with  me,  so  T  cannot  add  his 
figures  on  this  sample.  There  are  especial  difficulties  in  deter- 
mining such  small  quantities  of  gold  in  the  presence  of  so  much 
silver. 
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The  conditions  of  the  process  are  such  that  I  do  not  see  how 
we  could  gain  so  much  on  the  silver  and  lose  on  the  gold,  so 
that  I  am  satisfied  that  the  process  practically  recovers  all  the 
gold  that  goes  into  the  operations,  although  the  assays  may  not 
always  show  this. 

The  bluestone  produced  amounts  to  175,809  pounds,  or  3.63 
pounds  per  pound  of  copper,  including  the  copper  in  the  sul- 
phides and  the  copper  used  to  precipitate  the  silver.  About 
1 25,000 pounds  of  bluestone  were  used  by  the  leacher  in  prepar- 
ing extra  solution,  leaving  50,000  pounds  to  be  sold  to  outside 
parties.  No  particular  care  is  taken  to  prepare  fine  large  crys- 
tals of  bluestone,  and  it  is  not  necessary  to  purify  the  solutions 
from  iron  except  as  above  described.  Most  of  the  bluestone 
produced  goes  to  the  leacher  and  the  size  of  the  crystals  is  of  no 
moment  whatever,  while  the  small  amount  of  iron  present  does 
no  harm.  The  best  grade  showed  0.34  per  cent,  of  protoxide  of 
iron,  the  medium  0.69  per  cent.,  and  the  worst,  of  which  only  a 
small  quantity  was  produced,  3.89  per  cent. 

THE  FOLLOWING  TABLE  SUMMERIZES  THE  STATISTICS  FOR   THE 
YEAR   BY   THE    DEWEY- WALTER   PROCESS  OF  BOILING  RUS- 
SELL SULPHIDES  IN   STRONG  SULPHURIC   ACID. 

First  charge  of  1894  sulphides  to  pot,  February  20,  1894. 
**  "       '•    1895  "  ••      *'     February  27,  1895. 

Sulphides  treated,  116,519.5  pounds. 

"         contained  silver  by  corrected  assay,  572,544.45  ounces. 
*•  "         copper,  31.585-3  pounds. 

•*  ••         lead,  385.6  pounds. 

*'  "         silver  average  ounces  per  ton,  9,827.44. 

'•  "         copper  average  per  cent.,  27.1  per  cent. 

*'  **         lead  average  per  cent.,  0.33  per  cent. 

Acid  used,  389,439  pounds. 

per  pound  sulphides,  3.34  pounds, 
per  ounce  silver,  0.68  pound. 
Coal,  159,000  pounds. 

Copper  used  to  precipitate  silver,  16,832.5  pounds. 
Total  copper,  48,417.8  pounds. 
One  pound  copper  precipitated  silver,  2.27  pounds. 
Bluestone  prodnced,  17S.809  pounds. 

"  •*  per  pound  copper,  3.63  pounds. 

Regular  labor,  superintendent  and  two  men. 
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Extra  labor,  one  man  at  bnllion  melting  to  assist  superintendent, 
laborers  for  clean-up  and  shipping  residue,  etc.,  mechanics  for  special 
work  occasionally. 

136,519.5  pounds  sulphides  contained  572,544-45  fine  ounces  of  silver. 

PRODUCT  RBTURNBD. 

Pine  ounces  Per  cent, 

silver.  total  silver. 

Fine  bullion,  free  from  gold 551*329.89  96.29 

Residue 15,773.41  2.76 

Cleanings 5»3*8.87  0.93 

On  hand 2,191.09  0.38 

Total 574,623.26  100.36 

Plus  clean-up 2,078.81  0.36 

All  weights  of  sulphides  "and  products,  excepting  one  covering 
less  than  200  ounces,  and  all  the  assays  are  the  originals  made 
by  the  Daly  Mining  Company. 

The  advantages  of  this  process  are  the  phenomenal  percentage 
of  silver  recovered,  and  that  it  is  an  entirely  liquid  one  from 
beginning  to  end,  so  that  there  is  no  loss  from  handling  dry  pro- 
ducts. There  is  no  roasting  to  cause  loss.  A  large  percentage 
of  the  silver  is  recovered  as  very  fine  bars,  ready  to  enter  the 
market.  It  is  so  simple  and  so  easily  carried  out,  and  the  plant 
is  so  small  and  inexpensive  that  it  can  be  installed  at  individual 
leaching  works. 

Finally,  the  cost  of  operating  is  small ;  in  fact,  the  value  of  the 
bluestone  recovered  returns  a  large  proportion  of  the  operating 
expenses. 


NOTES  ON  THE  ELECTROLYTIC  DETERMINATION  OF  IRON, 

NICKEL  AND  ZINC. 

By  H.  H.  Nicholson  and  S.  Avbry. 

Received  May  is*  tt96. 

THE  experimental  part  of  this  work  was  undertaken  in  the 
spring  of  1892.  During  the  progress  of  the  work  various 
articles  on  the  electrolytic  deportment  of  these  metals  have  been 
published.  Some  of  these  investigations  are^  closely  related  to 
those  carried  out  by  us.  As,  however,  they  differ  in  some 
important  particulars  and  as  some  observations  have  been  made 
which,  so  far  as  we  are  aware,  have  not  as  yet  been  reported,  it 
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seemed  well  to  present  the  results  obtained  although  some  parts 
of  the  work  are  still  incomplete. 

In  the  method  of  manipulation,  free  use  was  made  of  the  text- 
books of  Classen  and  of  Smith.  A  number  of  cells  of  the  Grove- 
Tyndall  form  furnished  the  current.  The  current  was  controlled 
by  means  of  a  rheostat-box.  The  amperage  was  determined  by 
means  of  a  '*  Weston*'  volt-meter.  The  metals  were  deposited 
in  platinum  dishes  of  300  cc.  capacity. 

In  no  case  was  any  attempt  made  to  separate  metals  by  careful 
regulation  of  the  voltage  as  the  practical  utility  of  such  methods 
may  be  doubted  till  the  literature  of  the  subject  is  more  copious. 

I.    THE  ELrECTROlrYTIC   DEPORTMENT  OF  IRON. 

The  method  of  Classen  and  V.  Reiss'  for  the  determination  of 
the  metals  in  their  double  oxalate  solutions,  a  method  which 
gives  such  admirable  results  in  most  determinations,  cannot  be 
applied  with  the  same  degree  of  convenience  to  iron,as  a  strong, 
current  and  a  hot  solution  are  necessary. 

Smith  and  Muir'  found  that  iron  is  very  readily  precipitated 
from  ammonium  tartrate  solutions  containing  free  ammonia. 
They  found,  however,  that  under  such  circumstances  the  iron 
contains  carbon.  Still  tartrate  solutions  seemed  to  offer  possi- 
bilities for  quantitative  determinations  sufficient  to  warrant  a 
fuller  investigation  of  the  subject. 

Six  grams  of  tartaric  acid  was  dissolved  in  water  and  added 
to  a  solution  of  ferrous  sulphate.  The  solution  was  then  diluted 
to  150  cc.  and  rendered  strongly  alkaline  with  ammonia.  The 
solution  was  then  placed  in  a  platinum  dish,  submitted  to  the 
action  of  a  current  of  o.  115  ampere  and  four  volts  for  six  hours. 

Taken  0.0477  gram  iron.     Weight  found  0.0476  gram  iron. 

After  weighing,  the  precipitate  was  dissolved  in  dilute  sulphuric 
acid.  A  trace  of  the  odor  of  hydrocarbons  was  present.  The 
solution  was  then  oxidized;  precipitated  with  ammonia  and 
determined  in  the  usual  gravimetric  way.  The  weight  of  the 
iron  oxide  corresponded  to  0.0465  gram  of  iron.  The  carbon 
presentevidently  compensated  forthe  weight  of  the  unprecipitated 
iron. 

"^  Btr.  d.  chem.  Ces.,  I4i  i6aa. 
ay.  Anal.  Chem.,  5, 488. 
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The  following  determinations  were  made  in  a  similar  manner : 


No, 

Current 
amperes. 

Time. 
Hours. 

Solution. 

• 

Iron  taken. 
Gram. 

Weight  found 
Gram. 

Carbon  by 
differ- 
ence. 
Gram. 

I 

0.185 

4 

Strongly  alkaline. 

0.0620 

0.0418 

•  •  •  • 

2 

0.II5 

14 

Strongly  alkaline. 

0.0476 

0.0487 

O.OOII 

3 

0.II5 

6 

Slightly  alkaline. 

0.0291 

0.0294 

0.0003 

4 

0.5 

5 

Strongly  alkaline. 

0.0476 

0.0492 

0.0018 

5 

0-5 

5 

Strongly  alkaline. 

0.0351 

0.0364 

0.0013 

These  figures  show  that  strong  currents  and  free  ammonia  are 
favorable  to  the  precipitation  of  carbon.  Hence  attention  was 
turned  to  the  electrolysis  of  iron  in  neutral  ammonium  tartrate 
solutions. 

To  twenty-five  cc.  of  an  iron  sulphate  solution,  sodium 
hydroxide  was  added  till  the  greater  part  of  the  iron  was  pre- 
cipitated. A  dilute  solution  of  tartaric  acid  was  now  added  till 
the  greater  part  of  the  precipitate  was  dissolved  ;  five  grams  of 
ammonium  tartrate  were  added  and  the  whole  diluted  to  150  cc. 
The  solution  made  up  in  this  way  was  found  to  be  exactly  neu- 
tral to  litmus.  It  was  necessary  to  employ  a  stronger  current 
than  when  free  ammonia  was  present.  The  following  determina- 
tions were  made : 

Iron  calculated 

from  PCfOa. 

Grams. 


Current. 

Time. 

Iron  taken. 

Weight  fou 

No. 

Amperes. 

Hours. 

GraniH. 

Gram.s. 

I 

0.4 

6 

0.0630 

0.0634 

2 

0.4 

6 

0.0630 

0.0635 

3 

0.5 

4l 

0.0630 

0.0626 

0.0620 

In  all  cases  carbon  was  detected  in  the  precipitated  iron. 

Attention  was  next  given  to  the  determinations  of  iron  in 
sodium  tartrate  solutions.  In  some  cases  free  sodium  hydroxide 
was  present.  The  sodium  salt  conducts  the  current  much  better 
than  the  ammonium  salt.  The  precipitation  of  iron  proceeds 
satisfactorily  for  a  time.  After  a  little  black  spots  appear. 
When  a  strong  current  is  employed  a  white  precipitate  of  ferrous 
carbonate  forms  on  the  deposited  metal.  Currents  of  two  to  four 
volts  and  of  0.05  to  o.  i  amperes  were  employed  to  effect  the 
separation  of  the  iron  from  the  solution.  Towards  the  end  of 
the  precipitation  carbon  deposits  rapidly.   Vortmann,*  by  using 
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currents  of  low  voltage  and  precipitating  the  iron  in  fractions  on 
weighed  electrodes,  seems  to  have  avoided  some  of  the  unfavorable 
conditions  above  described.  However  the  general  deportment 
of  iron  in  sodium  tartrate  solutions  was  so  unpromising  that  the 
investigation  was  not  carried  further  in  this  direction. 

The  question  now  presented  itself :  "Is  the  precipitation  of 
carbon  with  iron  peculiar  to  tartrates  or  may  we  expect  it  when 
other  organic  compounds  are  present?'' 

To  answer  this  question  a  number  of  qualitative  tests  were 
made  by  adding  to  the  iron  solution  before  passing  the  current, 
solutions  of  sugar,  alcohol,  glycerol  or  of  salts  of  formic,  acetic, 
lactic,  citric,  succinic  or  benzoic  acids.  The  currents  employed 
were  of  the  lowest  voltage  and  amperage  sufficient  to  give  a  de- 
posit of  several  milligrams  in  the  course  of  an  hour.  As  ammo- 
nium oxalate  gives  no  precipitate  of  carbon  under  any  circum- 
stances, so  far  as  we  are  aware,  this  reagent  was'  used  to  hold 
the  iron  in  solution  when  necessary.  The  iron  was  used  in  the 
form  of  ferrous  sulphate. 

When  formates  were  present  in  the  absence  of  other  organic  com- 
pounds, no  trace  of  carbon  could  be  detected  in  the  precipitated 
iron.  In  all  other  cases  the  precipitated  iron  contained  carbon. 
In  the  case  of  citric  acid  a  quantitative  determination  was  made. 

A  solution  of  ferrous  sulphate  containing  five  grams  of  citric 
acid  in  the  form  of  sodium  and  potassium  salts  with  a  little  free 
acid  was  submitted  for  fourteen  hours  to  a  current  of  0.2  ampere. 

Taken  0.0726  gram  iron.    Weight  found  0.0740  gram  iron. 

The  absence  of  carbon  in  the  case  of.  oxalates  and  formates  is 
explained  by  the  fact  that  these  compounds  break  up  under  the 
influence  of  the  current  giving  off  all  carbon  in  the  form  of  its 
highest  oxidation  product,  2.  e,,  carbon  dioxide. 

In  all  cases  the  amount  of  carbon  deposited  was  increased  by 
the  employment  of  stronger  currents,  but  in  no  case  was  it 
possible  to  obtain  a  precipitate  free  from  carbon,  except  in  the 
case  of  formates  and  oxalates,  when  organic  matter  was  present. 

DETERMINATION  OF  IRON  IN  SOLUTIONS  CONTAINING  AMMONIUM 

OXALATE  AND   SODIUM   BORATE. 

We  found  that  a  slight  modification  of   Classen's   method 
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greatly  facilitated  the  precipitation  of  iron.     The  following  gave 
satisfactory  results: 

Twenty-five  cc.  of  a  solution  of  ferrous  sulphate  were  taken, 
five  grams  of  ammonium  oxalate  were  added  and  brought  into 
solution  by  the  aid  of  gentle  heat.  Five  cc.  of  a  saturated  solu- 
tion of  borax  were  now  added'  and  the  entire  solution  diluted  to 
150  cc.  A  current  of  0.02  ampisre  was  allowed  to  act  on  the  cold 
solution  for  sixteen  hours.  Towards  the  end  of  the  operation 
the  anode  became  covered  with  a  slight  brown  coating.  A  slight 
brown  deposit  also  appeared  on  the  dish  above  the  iron  deposit. 
The  following  method  was  used  to  dissolve  these  deposits. 
Water  was  added  until  the  surface  of  the  liquid  was  raised 
above  the  brown  deposit  in  the  dish.  The  positive  electrode  was 
then  brought  in  contact  for  a  moment  with  the  side  of  the  dish 
thus  short-circuiting  the  battery  and  generating  considerable 
heat  in  the  electrodes.  This  had  the  effect  of  liberating  and 
dissolving  the  brown  deposit.  The  current  was  allowed  to  act 
for  half  an  hour  longer  when  the  dish  was  removed  from  the 
circuit,  washed,  dried  and  weighed. 

The  precipitate  was  perfectly  adherent  and  showed  no  tendency 
to  oxidize  when  washed  with  alcohol  and  ether.  The  following 
is  a  tabular  statement  of  the  results  obtained  : 


Ammonium     Saturated 

Iron 

Iron 

oxalate. 

borax  aolutioo. 

Current. 

Time. 

taken. 

found. 

No. 

Grams. 

cc. 

Ampere. 

Hours. 

Gram. 

Gram. 

I 

5 

5 

0.02 

16 

0.0938 

00933 

2 

5 

10 

0.02 

17 

0.0938 

0.0935 

3 

6 

10 

0.06 

4 

0.0938 

0.0938 

4 

5 

5 

0.0/2 

2 

0.0938 

0.0939 

5 

6 

5 

0.125 

2 

0.0938 

0.0938 

It  will  be  seen  from  the  above  that  the  presence  of  borax 
facilitates  the  precipitation  of  iron  in  ammonium  oxalate  solu- 
tions. The  cause  of  the  appearance  of  the  slight  brown  deposit 
and  the  extent  to  which  it  might  cause  an  error  in  results  will 
be  investigated  later. 

II.    THE  DETERMINATION   OF  NICKEL. 

The  determination  of  nickel  presented  no  difficulties.  The 
greater  part  of  the  experiments  with  iron  were  performed  in  an 
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analogous  way  with  nickel :  in  no  case  was  carbon  deposited 
with  the  nickel.  When  iron  and  nickel  are  deposited  together 
as  an  alloy  in  the  presence  of  organic  compounds  the  nickel 
does  not  prevent  the  contamination  of  the  precipitate  with 
carbon. 

III.    DETERMINATION  OF  ZINC. 

Nearly  all  the  published  methods  for  the  electrolytic  determina- 
tion of  zinc  give  fairly  satisfactory  results.  The  tendency  of  the 
metal  to  be  deposited  in  a  spongy  condition  and  the  liability  to 
oxidation  are  the  principal  difficulties  usually  encountered. 

The  tendency  to  oxidation  may  be  prevented  by  the  presence 
of  formic  acid  in  the  solution,  which  by  the  liberation  of  hydrogen 
with  the  metal  exercises  a  reducing  action. 

By  the  electrolysis  of  zinc  formate  in  the  presence  of  formic 
acid  Warwick'  did  not  succeed  in  obtaining  a  complete  deposit. 
The  deposit  is  greatly  influenced  by  the  presence  of  sodium 
formate  in  the  solution. 

To  a  solution  of  zinc  sulphate  three  cc.  of  formic  acid  were 
added  and  the  solution  partially  neutralized  with  one  gram  of 
sodium  carbonate.  The  entire  solution  was  diluted  to  150  cc. 
and  placed  in  a  current  of  0.02  ampere  for  thret:  hours. 

Taken  0.061 1  gram  zinc.     Found  0.0603  gram  zinc. 

In  a  similar  manner  the  following  determinations  were  made  : 


No. 

Formic 

acid. 

cc. 

Sodium 

carbonate. 

Gram. 

Current. 
Ampere. 

Time. 
Hours. 

Weight 
Uken. 

Weight 
fouud. 

I 

4 

1-5 

0.125 

3 

O.0611 

0.0612 

2 

5 

I.O 

1. 000 

3 

0.061 1 

0.061 1 

3 

5 

1.0 

0.050 

3 

0.061 I 

0.061 I 

The  deposit  adhered  well,  was  compact  and  evenly  distributed 
on  the  surface  of  the  dish,  the  color  was  light  gray,  in  some  cases 
almost  metallic  in  luster.  As  will  be  seen  from  the  figures,  a 
considerable  variation  in  the  strength  of  the  current  is  allowable. 
This  method  is  not  allowable  in  the  presence  of  the  metals  of 
the  hydrogen  sulphide  group,  as  well  as  in  the  presence  of  iron, 
nickel  and  cobalt. 

Chemical  Laboratohy,  University  op  Nebraska. 
1  Ztschr.  anorg.  Ckem.,  i,  391. 
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CORRESPONDENCE. 


United  States  Department  op  Agriculture, 

Division  op  Chemistry, 

Washington,  D.  C,  June  5,  1896. 
Editor  Journal  of  the  American  Chemical  Society  ^  Easton,  Pa,  : 

Dear  Sir. — I  am  informed  by  the  Chairman  of  the  Committee 
of  Arrangements  of  the  Second  International  Congress  of  Ap- 
plied Cheniistry,  that  the  meetings  of  the  Congress  will  begin  in 
Paris  on  the  27th  of  Julj',  at  the  Sorbonne,  at  10  o'clock  a.  m. 
The  meetings  of  the  Congress  and  of  the  Sections  will  be  con- 
tinued until  the  7th  of  August. 

Chemists  intending  to  present  papers  should  send  the  titles, 
without  delay,  together  with  the  length  of  time  required,  to 
Monsieur  F.  Dupont,  156  Boulevard  de  Magenta,  Paris,  France. 
Those  who  intend  to  be  present  in  person  should  also  inform 
Monsieur  Dupont  of  that  fact. 

Respectfully, 

H.  W.  Wiley, 
Chairman  of  American  Committee. 
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